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Numerical Index 
of Devices 


BDY90-91-92 
BD135-137-139 
BD136-138-140 
BD385-387-389 
BD386-388-390 


BD411-412 
BD775-76-77-78-79-80 
BD785-786-787-788 
BF466-467-468 
BU323-A 


BU406-407 
BU522-A-B 
BUS36-37 
BUS45P 
BUS46P 


BUS47-A 
BUS47P-AP 
BUS48·A 
BUS4BP-AP 
BUS98-98A 


BUT13 
BUT14 
BUT15 
BUT16 
BUT33 


BUT34 
BUT35 
BUT36 
BUT50P 
BUT51P 


BUV10N 
BUV11 
BUV11 N 
BUV12 
BUV20 


BUV21 
BUV21N 
BUV22 
BUV23 
BUV24 


BUV25 
BUX13 
BUX39 
BUX40 
BUX41 


10 Amp. NPN Silicon Power Metal Transistor 
. 


1.5 Amp. Plastic Medium Power NPN Transistor 
. 


1.5 Amp. Plastic Medium Power NPN Transistor 
. 
Duowatt 
NPN Silicon Amplifier Transistor 
. 


Duowatt 
PNP Silicon Amplifier Transistor 
. 


NPN Silicon Darlington Amplifier Transistor 
. 


4.0 Amp. Darlington Complementary 
Power Transistor 
' 
. 


4.0 Amp. Complementary 
Power Transistor 
. 


NPN High Voltage Amplifier Transistor 
. 


16 Amp/400 
Volt NPN Darlington Power Transistor 
. 


7 Amp/200 
Volt NPN Power Transistor 
. 


7 Amp/450 
Volt NPN Darlington Power Transistor 
. 


12 Amp/150 
Volt NPN Silicon Power Transistor 
. 
3 Amp/450 
Volt NPN Silicon Power Transistor 
. 


5 Amp/450 
Volt NPN Silicon Power Transistor 
. 


9 Amp/450 
Volt Switchmode 
II NPN Power Transistor 
. 


9 Amp/450 
Volt Switchmode 
II NPN Power Transistor 
....•...... 


15 Amp/450 
Volt Switchmode 
II NPN Power Transistor 
. 


15 Amp/450 
Volt Switchmode 
II NPN Power Transistor 
. 
30 Amp/1 000 Volt NPN Silicon Power Transistor 
. 


28 Amp/600 
Volt Switchmode 
NPN Power Darlington Transistor 
. 


25 Amp/850 
Volt Switch mode NPN Power Darlington Transistor 
. 


20 Amp/1 000 Volt Switchmode 
NPN Power Darlington Transistor 
.. 


12 Amp/1400 
Volt Switchmode 
NPN Power Darlington Transistor 
.. 


56 Amp/600 
Volt Switfhmode 
NPN Power Darlington Transistor 


50 Amp/850 
Volt Switch mode NPN Power Darlington Transistor 
40 Amp/1 000 Volt Switchmode 
NPN Power Darlington Transistor 
.. 


24 Amp/1400 
Volt Switchmode 
NPN Power Darlington Transistor 
.. 


8 Amp/500 
Volt NPN Silicon Power Darlington Transistor 
. 


15 Amp/500 
Volt NPN Silicon Power Darlington Transistor 
. 


25 Amp/125 
Volt Switchmode 
NPN Power Transistor 
. 


20 Amp/200 
Volt Switchmode 
NPN Power Transistor 
. 


20 Amp/200 
Volt Switch mode NPN Power Transistor 
. 


20 Amp/250 
Volt Switchmode 
NPN Power Transistor 
. 


50 Amp/125 
Volt NPN Silicon Power Metal Transistor 
. 


40 Amp/200 
Volt NPN Silicon Power Metal Transistor 
. 
40 Amp/160 
Volt NPN Silicon Power Metal Transistor 
. 


40 Amp/250 
Volt NPN Silicon Power Metal Transistor 
. 


30 Amp/325 
Volt NPN Silicon Power Metal Transistor 
. 


20·Amp/400 
Volt NPN Silicon Power Metal Transistor 
. 


15 Amp/500 
Volt NPN Silicon Power Metal Transistor 
. 


15 Amp/325 
Volt NPN Silicon Power Metal Transistor 
. 


30 Amp/90 
Volt NPN Silicon Power Metal Transistor 
. 


20 Amp/125 
Volt NPN Silicon Power Metal Transistor 
. 
15 Amp/200 
Volt NPN Silicon Power Metal Transistor 
. 


3-1 
3-5 
3-7 
3-9 
3-.13 


3-17 
3-21 
3-23 
3-27 
3-31 


3-35 
3-39 
3-42 
3-49 
3-51 


3-57 
3-63 
3-69 
3-75 
3-81 


3-88 
3-94 
3-100 
3-106 
3-112 


3-118 
3-124 
3-130 
3-136 
3-138 


3-140 
3-143 
3-146 
3-149 
3-152 


3-155 
3-158 
3-161 
3-164 
3-167 


3-170 
3-173 
3-176 
3-179 
3-182 


BUX41N 
BUX42 
BUX43 
BUX84 
MJ6502-3 


MJ8500-1 
MJ8502-3 
MJ8504-5 
MJ10000-1 
MJ10002-3 


MJ10004-5 
MJ10006-7 
MJ10008-9 
MJ10013-14 
MJ10015-16 


MJ10020-21 
MJ10022-23 
MJ10024-25 
MJ10050 
MJ10051-52 


MJ10100 
MJ10101-102 
MJ10200 
MJ 10201-202 
MJ16002-4 


MJ16006-8 
MJ16010-12 
MJE200-210 


MJE240 
thru 244 
MJE250 
thru 254 


MJE340 
MJE5850-1-2 


MJE13002-3 
MJ4360-61 


MJE13004-5 
MJ4380-1 


MJE13006 
MJE13008 
MJE15028 
MJE16002 
MPSU01-A 


MPSU05-6 
MPSU07 


18 Amp/160 
Volt NPN Silicon Power Metal Transistor 
. 


12 Amp/250 
Volt NPN Silicon Power Metal Transistor 
. 


10 Amp/32 5 Volt NPN Silicon Power Metal Transistor 
. 


2 Amp/400 
Volt Triple Diffused NPN Silicon Power Transistor 
. 


2.5 Amp1700 Volt NPN Silicon Power Transistor 
. 


2.5 Amp1700 Volt NPN Silicon Power Transistor 
. 
5 Amp1700 Volt NPN Silicon Power Transistor 
. 
10 Amp1700 Volt NPN Silicon Power Transistor 
. 
20 Amp/350 
Volt NPN Silicon Power Transistor 
. 
10 Amp/350 
Volt NPN Silicon Power Transistor 
. 


20 Amp/350 
Volt NPN Silicon Power Transistor 
10 Amp/350 
Volt NPN Silicon Power Transistor 
20 Amp/450 
Volt NPN Silicon Power Transistor 
10 Amp/550 
Volt NPN Silicon Power Transistor 
50 Amp/400 
Volt NPN Silicon Power Transistor 


60 Amp/200 
Volt NPN Silicon Power Darlington Transistor 
. 
40 Amp/350 
Volt NPN Silicon Power Darlington Transistor 
. 
20 Ampl7 50 Volt NPN Silicon Power Darlington Transistor 
. 
50 Amp/8 50 Volt NPN Silicon Power Darlington Transistor 
. 


50 Amp1750 Volt NPN Silicon Power Darlington Transistor 
. 


100 Amp/450 
Volt NPN Silicon Power Darlington Transistor 
. 


100 Amp/350 
Volt NPN Silicon Power Darlington Transistor 
. 


200 Amp/250 
Volt NPN Silicon Power Darlington Transistor 
. 
200 Amp/200 
Volt NPN Silicon Power Darlington Transistor 
. 


5 Amp/450 
Volt NPN Silicon Power Transistor 
. 


8 Amp/450 
Volt NPN Silicon Power Transistor 
. 


15 Amp/450 
Volt NPN Silicon Power Transistor 
. 
5 Amp/25 
Volt Complementary 
Silicon Power Transistor 
. 


0.5 Amp/300 
Volt NPN Silicon Power Transistor 
. 


8 Amp/300 
Volt PNP Silicon Power Transistor 
. 


8 Amp/300 
Volt NPN Silicon Power Transistor 
. 


12 Amp/400 
Volt NPN Silicon Power Transistor 
. 
8 Amp/120 
Volt Complementary 
Silicon Power Transistor 
. 


5 Amp/450 
Volt NPN Silicon Power Transistor 
. 


NPN Silicon Audio Transistor 
. 


NPN Silicon Amplifier Transistor 
. 


NPN Silicon Amplifier Transistor 
. 


3-185 
3-188 
3-191 
3-194 
3-197 


3-203 
3-209 
3-215 
3-221 
3-227 


3-233 
3-239 
3-245 
3-251 
3-257 


3-262 
3-268 
3-274 
3-280 
3-290 


3-299 
3-309 
3-318 
3-328 
3-337 


3-345 
3-353 
3-361 


3-369 
f-371 


3-389 
3-397 
3-405 
3-409 
3-417 


3-419 
3-421 


MPSU45 
MPSU51-A 
MPSU55-6 
MPSU57 
MPSU95 


MTM1N95-100 
MTP1 N9 5-100 


MTM2N45-50 
MTP2N45-50 


MTM2N85-90 
MTP2N85-90 


MTM2P45-50 
MTP2P45-50 


MTM3N35-40 
MTP3N35-40 


MTM3N55-60 
MTP3N55-60 


MTM4N45-50 
MTP4N45-50 


MTM5N18-20 
MTP5N18-20 


MTM5N35-40 
MTP5N35-40 


MTM6N55-60 
MTM7N45-50 


MTM8N12-15 
MTP8N12-15 


MTM8N18-20 
MTP8N18-20 


MTM10N05-6 
MTP10N05-6 


MTM 1ON08-1 0 
MTP1 ON08-1 0 


MTM10N12-15 
MTP10N12-15 


MTM 12N05-06 
MTP12N05-06 


NPN Silicon Darlington Transistor 
. 
PNP Silicon Audio Transistor 
. 


PNP Silicon Amplifier Transistor 
.....................•.... 
PNP Silicon Amplifier Transistor 
. 
PNP Silicon Darlington Transistor 
....................•.... 


6 Amp/550 
Volt N-Channel TMOS Power FET 
7 Amp/450 
Volt N-Channel TMOS Power FET 


3-423 
3-427 
3-429 
3-431 
3-433 


3-491 
3-497 


MTM 12N08-1 
0 
MTP 12N08-1 0 


MTM15N05-6 
MTP15N05-6 


MTM15N35-40 
MTM15N45-50 


MTM814-815 
MTP814-815 


MTP5N05-6 
TIP47-48-49-50 
2N3583-84-85-4240 
2N6420-21-22-23 
2N5038 


2N5039 
2N6211-12-13 
2N6274-75-76-77 
2N6306-7-8 
2N6338-39-40-41 


15 Amp/350 
Volt N-Channel TMOS Power FET 
15 Amp/450 
Volt N-Channel TMOS Power FET 


5 Amp/50 
Volt N-Channel TMOS Power FET 
. 
1 Amp/250 
Volt NPN Silicon Power Transistor 
. 


1 Amp/250 
Volt Power Transistor 
Complementary 
Silicon 
. 


20 Amp/90 
Volt NPN Silicon Power Metal Transistor 
' 
. 


20 Amp/7 5 Volt NPN Silicon Power Metal Transistor 
. 
2 Amp/225 
Volt PNP Silicon Power Transistor 
. 
50 Amp/1 00 Volt NPN Silicon Power Transistor 
. 


8 Amp/250 
Volt NPN Silicon Power Transistor 
. 


25 Amp/1 00 Volt NPN Silicon Power Transistor 
. 


3-557 
3-563 


3-575 
3-581 


3-585 


3-592 


3-595 
3-598 
3-602 
3-606 
3-610 


Alphanumeric 
Index 
Cross-Reference 
II 


BD253ABC 
. 


BDY93 
. 


BDY94 
. 


BDY96 
. 


BDY97 
. 


BU126 
. 


BU126A 
. 


BU326 
. 
BU326A 
. 
BU326S 
. 


BU426 
. 


BU426E 
. 
BUS 11 
. 
BUS12 
. 


BUS 12A 
. 


BUS 13 
. 


BUS 13A 
. 


BUS 14 
. 


BUS 14A 
. 


BUV46 
. 


BUV47 
. 


BUV47A 
. 


BUV47B 
. 


BUV48 
. 


BUV48A 
. 


BUW25 
BUW26 
BUW34 
BUW35 
BUW36 


BUW44 
BUW45 
BUW46 
BUW71 
BUW72 


BUX46 
. 


BUX47 
. 
BUX47A 
. 


BUX48 
. 


BUX48A 
. 


BUX80 
BUX81 
BUX82 
BUX84 
BUX97 


BUS45P 
BUX97A 
. ................ 
BUS45P* 
BUS45P* 
BUX97B ................... 
BUS45P* 
BUS45P* 
BUX98 
. . . . . . . . . . . . . . . . . . 
BUS98 
BUS47 
BUX98A 
. ................ 
BUS98A 
BUS47 
BUY69A 
. . . . . . . . . . . . . . . . . 
BUS47A 


BUS45P* 
BUY69B .................. 
BUS47 
BUS45P* 
BUY69C 
. . . . . . . . . . . . . . . . . 
BUS47 
BUS45P* 
BUY70B .................. 
BUS46P* 
BUS45P* 
BUY70C 
................. 
BUS46P* II 


BUS45P* 
MJ13014 
. ............... 
BUS47 


BUS45P* 
MJ13015 
. ............... 
BUS47 
BUS45P 
MJE 13004 ................ 
BUS45P 
BUS46P* 
MJE13005 ................ 
BUS45P 
BUS47 
MJE13005A 
· . . . . . . . . . . . . . 
BUS45P 
BUS47A 
MJE13006 ................ 
BUS46P 


BUS48 
MJE13007 ................ 
BUS46P 
BUS48A 
MJE13007A 
.............. 
BUS46P 
BUS98 
MJE13008 ................ 
BUS47P* 
BUS98A 
MJE13009 ................ 
BUS47P* 
BUS45P 
MJE13009A 
· ............. 
BUS47P* 


BUS47P 
SVT300-10C · ............. 
BUS48 
BUS47AP 
SVT300-5C . . . . . . . . . . . . . . . 
BUS46P* 
BUS47P 
SVT350-3 · . . . . . . . . . . . . . . . 
BUS46P* 
BUS48P 
SVT350-5 . ............... 
BUS47 
BUS48AP 
SVT400-3 · ............... 
BUS46P* 


BUS45P* 
SVT400-5 · . . . . . . . . . . . . . . . 
BUS47 
BUS46P* 
SVT450-3 · ............... 
BUS46P* 
BUS47 
SVT450-5 ................ 
BUS47 
BUS47 
SVT7520 ................. 
BUS46P* 
BUS47A 
SVT7521 ................. 
BUS46P* 


BUS48 
SVT7522 ................. 
BUS46P* 
BUS48 
SVT7523 ................. 
BUS46P* 
BUS48A 
SVT7524 ................. 
BUS46P* 
BUS45P* .r 
SVT7525 ................. 
BUS46P* 
BUS46P* 
SVT7530 ................. 
BUS47 


BUS45P* 
SVT7531 ................. 
BUS47 
BUS47 
SVT7532 .................. 
BUS47 
BUS47A 
SVT7533 ................. 
BUS47 
BUS48 
SVT7534 ................. 
BUS47 
BUS48A 
SVT7535 ................. 
BUS47 


BUS47 
SVT7536 ................. 
BUS47 
BUS47A 
SVT7540 ................. 
BUS47 
BUS46P* 
SVT7541 ................. 
BUS47 
BUS45P* 
SVT7542 ................. 
BUS47 
BUS45P* 
SVT7544 ................. 
BUS47 


SVT7545 
. 


SVT7545 
. 


SVT7550 
. 


SVT7551 
. 


SVT7552 
. 


SVT7553 
. 


SVT7554 
. 


SVT75'55 
. 


SVT7561 
. 


SVT7562 
. 


SVT7563 
. 


SVT7564 
. 


SVTR7543 
.' . 


TIP53 
. 
TIP54 
. 


TIP57A 
TIP58A 
TIP75A 
TIP75B 
TIP75C 


TIP560 
TIP561 
TIP562 
TIP563 
TIP575A 


TIP575B 
' 
. 


TIP575C 
. 


TIPL751 .................. 
TIPL752 
, 
. 


TIPL752A 
. 


TIPL753 
. 


TIPL753A 
. 


TIPL755 
. 


TIPL755A 
. 


TIPL762 
. 


TIPL762A 
. 


TIPL763 
. 


TIPL763A 
. 


TIPL765 
. 


TIPL765A 
. 


2N6306 
2N6307 
2N6308 
2N6542 
2N6543 


BUS47 
BUS48 
BUS48 
BUS48 
BUS48 


BUS48 
BUS48 
BUS48 
BUS48 
BUS48 


BUS48 
BUS48 
BUS47 
BUS46P* 
BUS46P* 


BUS47P 
BUS47P 
BUS45P 
BUS45P 
BUS45P 


BUS47 
BUS47 
BUS48 
BUS48 
BUS48 


BUS48 
BUS48 
BUS46P* 
BUS47 
BUS47A 


BUS47 
BUS47A 
BUS48 
BUS48A 
BUS47P 


BUS47AP 
BUS47P 
BUS47AP 
BUS48P 
BUS48AP 


BUS47 
BUS47 
BUS47 
BUS46P* 
BUS46P* 


2N6544 
BUS47 
2N6545 
BUS47 
2N6546 
BUS48 
2N6547 
BUS48 
2N6579 
BUS47 


2N6580 
BUS47 
2N6581 
BUS47 
2N6582 
BUS47 
2N6583 
BUS47 
2N6584 
BUS47 


2N6671 
BUS47 
2N6672 
BUS47 
2N6673 
BUS47 
2N6674 
BUS48 
2N6675 
BUS48 


BUZ10 
. 


BUZ10A 
. 


BUZ20 
. 


BUZ23 
. 


BUZ30 
' 
. 


BUZ32 
. 


BUZ33 
. 


BUZ35 
. 
BUZ40 
. 


BUZ41 
. 


BUZ41 A ..........•..... 
BUZ42 
. 


BUZ43 
. 


BUZ44 
. 


BUZ44A 
. 


BUZ45 
. 


BUZ45A 
. 


BUZ46 . . . . . . . . . . . . . . . . . 
BUZ53 
. 


BUZ60 
. 


BUZ63 
. 


BUZ64 
. 


BUZ83 
. 


BUZ84 
. 


IRF100 
. 


IRF101 
. 


IRF120 
. 


IRF121 
. 


IRF122 
. 
IRF123 
. 


IRF130 
. 


IRF131 
. 


IRF132 
. 


IRF133 
. 


IRF151 
. 


IRF152 
. 


IRF153 
. 


IRF220 
. 


IRF221 
. 


IRF222 
. 


IRF223 
. 


IRF230 
. 


IRF231 
. 


IRF232 
. 


IRF233 
. 


IRF300 
. 


IRF301 
. 


IRF305 
. 


IRF306 
. 


IRF320 
. 


MTP14N05 
MTP14N05 
MTP12N10 
MTM12N10 
MTP7N20 


MTP12N20 
MTM7N20 
MTM12N20 
MTP2N50 
MTP5N50 


MTP5N50 
MTP4N50 
MTM2N50 
MTM7N50 
MTM5N50 


MTM10N50 
MTM7N50 
MTM4N50 
MTM4N100 
MTP7N40 


MTM7N40 
MTM15N40 
MTM4N85 
MTM5N85 
MTM12N06 


MTM12N06 
MTM10N10 
MTM10N08 
MTM10N10 
MTM10N08 


MTM12N10 
MTM12N08 
MTM12N10 
MTM12N06 
MTM35N06 


MTM25N10 
MTM25N06 
MTM7N20 
MTM7N15 
MTM5N20 


MTM7N15 
MTM8N20 
MTM8N15 
MTM7N20 
MTM7N15 


MTM5N40 
MTM5N35 
MTM5N40 
MTM5N35 
MTM5N40 


IRF321 
: 
. 
IRF322 
'. 


IRF323 ....•............ 
IRF330 
. 
IRF331 
. 


IRF332 
. 


IRF333 
. 


IRF350 ...........•..... 
IRF351 
. 


IRF352 
. 


IRF353 
. 


IRF420 
. 


IRF421 
. 
IRF422 
. 


IRF423 
. 


IRF430 
. 


IRF431 
. 
IRF432 
. 
IRF433 
. 
IRF450 
. 


IRF451 
. 
IRF452 
. 
IRF453 
. 


IRF520 
. 


IRF521 .........•....... 


IRF522 
. 
IRF523 
. 


IRF530 
. 


IRF531 
. 


IRF532 
. 


IRF533 
. 


IRF620 
. 
IRF621 
. 


IRF622 
. 


IRF623 
. 


IRF630 
. 


IRF631 
. 


IRF632 
. 


IRF633 
. 


IRF710 
. 


IRF711 
. 


IRF712 
. 


IRF713 
. 
IRF720 
. 


IRF721 
. 


IRF722 
. 


IRF723 
. 
IRF730 
. 


IRF731 ..........•...... 
IRF732 
. 


MTM5N35 
MTM5N40 
MTM5N35 
MTM7N40 
MTM7N35 


MTM5N40 
MTM5N35 
MTM15N40 
MTM15N35 
MTM15N40 


MTM15N35 
MTM4N50 
MTM4N45 
MTM2N50 
MTM2N45 


MTM5N50 
MTM5N45 
MTM4N50 
MTM4N45 
MTM15N50 


MTM15N45 
MTM15N50 
MTM15N45 
MTP10N10 
MTP10N08 


MTP5N20 
MTP10N08 
MTP12N10 
MTP12N08 
MTP12N10 


MTP12N06 
MTP8N20 
MTP7N15 
MTP564 
MTP3N15 


MTp,12N20 
MTP10N15 
MTP7N20 
MTP8N15 
MTP3N40 


MTP3N35 
MTP3N40 
MTP3N35 
MTP5N40 
MTP5N35 


MTP5N40 
MTP5N35 
MTP7N40 
MTP7N35 
MTP5N40 


IRF733 
. 


IRF820 
, ." 
. 
IRF821 
. 


IRF822 
. 


IRF823 
. 


IRF830 
. 


IRF831 
. 


IRF832 
. 


IRF833 
. 


IRF91 30 
. 


IRF9131 
. 
IRF9132 
' 
. 


IRF91 33 
. 
IRF9530 
. 
IRF9531 
. 


IRF9532 
. 
IRF9533 
. 
IVN5200HND 
. 


IVN5200HNE 
. 


IVN5200HNF 
. 


IVN5200KND 
. 
IVN5200KNE 
. 
IVN5200KNF 
. 
IVN5201 CND 
. 


IVN5201 CNE 
. 


IVN5201 CNF 
. 


IVN5201 HND 
. 
IVN5201 HNE 
. 
IVN5201 HNF 
. 
IVN5201 KND 
. 


IVN5201 KNE 
IVN5201 KNF 
IVN6000CNR 
IVN6000CNS 
IVN6000CNT 


IVN6000KNR 
. 


IVN6000KNS 
. 
IVN6000KNT 
. 


MTM4 74 
. 


MTM475 
. 


MTM564 
. 


MTM565 
".....•..... 


MTP1 034 
. 
MTP1 035 
. 
MTP1224 
. 


MTP1225 
. 


VN64GA 
. 


VN4000A 
. 


VN4001A 
. 


VN0330N1 
. 


MTP5N35 
MTP4N50 
MTP4N45 
MTP2N50 
MTP2N45 


MTP5N50 
MTP5N45 
MTP4N50 
MTP4N45 
MTM815 


MTM814 
MTM815 
MTM814 
MTP815 
MTP814 


MTP815 
MTP814 
MTM12N06 
MTM12N06 
MTM12N06 


MTM12N06 
MTM1-2N06 
MTM12N06 
MTP12N06 
MTP12N06 


MTP12N06 
MTM12N06 
MTM12N06 
MTM12N06 
MTM12N06 


MTM12N06 
MTM12N06 
MTP5N35 
MTP5N40 
MTP4N50 


MTM5N35 
MTM5N40 
MTM4N45 
MTM4N45 
MTM4N50 


MTM5N35 
MTM5N40 
MTP10N12 
MTP10N15 
MTP12N06 


MTP12N10 
MTM12N06 
MTM5N40 
MTM5N40 
MTM5N35 


VN0330N5 
. 


VN0335A1 
. 
VN0335B1 
. 


VN0335C1 
. 


VN0335N1 
. 


VN0335N5 
. 


VN0340A1 
. 


VN0340B1 
. 


VN0340C1 
. 
VN0340N1 
. 


VN0340N5 
. 


VN0345A1 
. 


VN0345B1 
. 


VN0345C1 
. 


VN0345N1 
. 


VN0345N5 
. 


VN0350A1 
. 


VN0350B1 
. 


VN0350C1 
. 


ZVN0345L 
. 


ZVN0345M 
. 


ZVN0435M 
. 


ZVN0440M 
. 


ZVN0405M 
. 


ZVN 1204L 
. 


ZVN1204M 
. 


ZVN1206L 
. 


ZVN1206M 
. 


ZVN1208L 
. 


ZVN1208M 
. 


ZVN1209L 
. 


ZVN1209M 
. 


ZVN1210L 
. 


ZVN 1210M 
. 


ZVN1214L 
. 


ZVN1214M 
. 


ZVP0345L 
. 


ZVP0345 
. 


MTP5N35 
MTM5N35 
MTM5N35 
MTM5N35 
MTM5N35 


MTP5N35 
MTM5N40 
MTM5N40 
MTM5N40 
MTM5N40 


MTP5N40 
MTM4N45 
MTM4N45 
MTM4N45 
MTM4N45 


MTP474 
MTM4N50 
MTM4N50 
MTM4N50 
MTP4N45 


MTM4N50 
MTM8N35 
MTM7N40 
MTM4N50 
MTP12N06 


MTM12N06 
MTP12N06 
MTM12N06 
MTP12N10 
MTM12N10 


MTP12N10 
MTM10N10 
MTP8N10 
MTM8N10 
MTP7N15 


MTM7N15 
MTP2P45 
MTM2P45 
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The packaging availability 
for each device is 
indicated on the tables. The dimensions for the 
packages are given in this section. 
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.OM ." ... ." •.. 
I 
1194 
1210 
DUO 
.. 
Dl " 
0 
on 
0 •• 
0,021 
OOJ' 
, , 
0015 
, " .. 
a.Ist '"' 
G .. '" 


OJ 
, 
" 
" 
167 
0" 
01 
J 
IUI 
14.' 
OJ 
, 
914 
"" 
1.7 
'" 
Q 
, 
" 


., 
s, 
,.. 
1)145 
, 
J 


ST'l'LEl 
PIN 1 
8ASE 
2 
COLlECTOR 
1 
EMITTER 
4 
COLLECTOR 


STYlEl 
PIN 1 EMITTER 


2 BASE 
JCOLLECTOR 
ICOLLECTORCONNECTEO 
TO TAB) 


mIlS 
I 
GAll 
101'lA1I 
) 
SCIlIRCl 


, 
OIlAII 


ST'l'LEI 
PIN) 
BASE 
2 
EMITTER 
CASE 
COLLECTOR 


Cf "]:;:_,c 
~ 
----+ 
, 
ru- ° 
• 


KAT~.f 
1t' 
---1. 


r:: 


F 
-.. 
-' 
@-: 
1 
00- 
...• 


;- 
.-:-- 
.•. 
....L- 
R 


I 
-';, ~ 


_ 
G 1 


_u_nlls 
••ICMU 
.•- .... .,.... 


A 
I,ll 
IS1S "" 


0620 
• 


10.2' 
0,190 
, ... 
•.• 2 
0150 
D 
D.M 
0.19 
O,02S 
0035 
F 
HI 
3.13 
0142 
OIU 
• 
HI 
251 
0.095 
0105 
· ,~ '.JB 
OlIO 
0130 
, 
D." 
D.56 
0D!4 
0022 
· 


,m 
14.21 
DOlI 
D56' 
, '" '" 


UMS 
D.••• 
· ." 
'.13 .... 
0.210 
• 
'M 
'.DO .... 
0.110 
· ,.. ,~D_ 
OliO 
S '" ." 


004S 
OOSS 
T 
S.11 ,.. 
0.2JS 
02SS 


U 
0.76 
1.21 
0030 
o.osa 


'" 


D'" 


CASE22iA-02 
TO-220AB 


MlllIM(HRS 
IN(HfS 
0'" 
MIN 
M••• 
MIN 
••.•.• 


A 
914T'Sl 
.'" 
0.315 
· ... ." 
DlID "" 
, ,.. '" 


0.2130123 
D 
D 
, 
, 


f 
., 
, 
" 
, 
H4BSC 
0100BSC 


" ,." 
419 
0.155 
0165 
J 
DlS 
0.41 
0014 
" 
· 


1201 
lno 
OUS 
OSOO 


L '>D' 
lS5' 
O.91S 
11•• 
· 


, •• 1St 
0.2ODBSC 


'" '" 
D'" ...• 
· '" ,.. 
004S 
OOSS 


NOTE 
I 
lE .•.OSWITHINOIS",,,,UlOO6l 
TOTAL OF TAUE I'OSITION 
.•.TCASE 
"TMAXIMUM 
M"'TERI"'lCONOITION 


MHlIllII(HAS 
INCHES 


0'" 
MIN 
M.•.ll 
"OK ... 


A "" 


lOll 
1510 ,,,. 
· 


ISl. 
,oa. 
0160 .... 
, ." 
16' 
"50 
D." 
D 
,.. ,.. 
DD" 
BO'" 
, 
'" 
BI" 
, 
2990 
llU. 
',1n 
1191 
, 
1061 
1118 .". 
D'" 
, ,, 
S12 
0,225 
, 
11.1 
, 
· 


1111 
12.19 
D'" 
D.••• 
D ,.. ... om 
0161 
· " 


26.51 .... ,... 


Sl"ru J 


PIN 
I 
GAil 
1 
SOURC! 


'''' 
••••, 
Case 197-01 
TO-204AE 
(Type) (TO-3) Except 
Pin Diameter 


ST'l'LE2 
"Nl 
EMITTEA 
'lAS' 
CASE 
COllECTOR 


STYlE' 
PIN I EMITTER 


2 BASE 
3 COllECTOR 
4COllECTOA 


STYlE 
3 


1'111 1 BASE 


2COllECTOII 
3EMITTEA 
4COllECTOII 


. 


-I 
I 


,~t 
II. 
t - 1 
°t 
G'L 


R 
,- 
N J-.c+ 
L~.Jj,=4, 


CASE 306-04 
TO-202 AC 
'i'L"'~ 


J±J 


Case 340-01 
TO-218AC 


STYlE 
1 


PIN' 
BASE 
2 
EMITTER 


J 
EMlnER 


• 
COllECTOR 


S. COLlECTOR 


DIM 
M,M 


.•. 
2184 


• 
991 
C 
09 


o 
OS8 


f 
3S6 
,- 
HI 


H 
UO 


J 
0 •• 


lt 
Ill' 


l 
16S 


iii 
'" 
D 
'56 


R 
, 


T 
J.l7 


.MCHU 


III.M 
MAl. 


01160 
0110 
0)900.'0 
01130183 
~ 021 
0029 


~. I,~O 
0 160 
009S 
010S 
00610011 
0019 
0026 
0410 
0510 
00650010 
0390 
04011 
GI40 
Ols.o 


D 


9140.3101.310 


STYlE 
1 
I 
lASE 


2COllECTOII 
3 
EMITTER 


4 
COllECTOll 


_LL_TtItS 
'"CMU 
DI. - .... - 


MA' 


A 
'Ul 
2l.O1 ".. 
D.••• 
• 
15.49 ".. 
OJil0 
0.628 
, 
4.19 ,.. 
0.115 
D.'" 
D 
U, .., 
D'" .., 
, us .., D.DSl 
D.DO' 
· 


>1' 
5.12 
D.llI6 .". 
" 


2.41 
• .It •• 
0,121 
, •.•. 
D" 
1.115 .." 
· 


11.1. .... •...• 
1.111 
, 
IOJ' 
II.'I ." •••• 
· 


11.11 
lUG 
D.••• 
D•••• 
· ,.. 
4.11 
0.116 
.111 


MILLIIIIETERS 


209~ 
DO. ... ... 


A 
53•• 
53" 
• 
5S.31 
56•• "'" 
, 


D 
.lD 
UD 
0240 
, 
6.60 
'10 
0260 


f 
0.11 
011 
0.021 
, 
43.311SC 
U 


" 


12,51 
12.12 
049S 
J 
1.51 
1,62 
D 
D 
· 


9S0 
91S 
0.314 


L 
1021 
10.4 
0,401 
• 
11.92 
1911 
OJU 
• 
23Ji1 ,. 
U31 
, 
S21 
• 
'53 ". 
0139 


• 
D 
'47) 
1524 


V 
5.)) 
" 


0210 
• .. ., 
022 


lD 
· ... ,. 
.lD 


TO-204AA 
(Type) 


\'~J 
11 


~_ 
MICA 
WASHER 


~ 
B526QOFOOl 


~ 
TEFLON 
BUSHING 


~-- 
B51547F012 


~'"=" 


~. 
MICA 
WASHER 


~-- 
B52600FOOl 


~ 


FLAT 
STEEL 
WASHER 


-- 
851567FOO9 


SOLDER 
TERMINAL 


-- 
B52595F025 


o~ 
STEEL 
LOCK 
WASHER 
- 
B51566F020 


'032 
HEX 
NUT 
-- 
851568F015 


10-32 STUD 
TO-59 


'NO 
6 SHEET 
1? 
I 
METAL 
SCREW> 
1- 
."56"00) 
ci..:::::," 


~ 


; 


MICA 
, 
'r 


INSULATOR ~L 
'NYLON 
INSULATING 


B~7600fOO8 
' 
BUSHING 


~ 
B501S·HfOO2 


~ 
_ 
4-40 
HEX 
HEAD 
SCREW 


t;jfj;} 
B094B9A030 


,~_ 
. 
_COMPRESSION 
WASHER 


~ 
B52200F0Q6 


B52600FOO3 
, 
G 


~ 


@ 


HEATSINKORCHASSIS 


_ 
4-40 HEX 
NUT 
B09490AOOS 


TORQUE 
REQUIREMENTS 


O.68N-m 
f61N·lBSJ 
MAX. 


'HIGH 
VOLTAGE 
f2:\ 
INSULATED 
MOUNTING 
/' 'tJ' 
4-40 
HEX 
HEAD 
SCREW 
• 


6-32 
HEX 
HEAD 
SCREW 
~ 
B09489A030 
B09489A031 
~ 


RECTANGULAR 


MICA 
INSULATOR 


B05608AOOl 


STEEL 
COMPRESSION 
WASHER 


(For 
6-32 
Screw) 
B52200FOO4 


/NYLON 
INSULATING 
BUSHING 


(For 
4-40Screwl 


B51547F011 


ROUND 
MICA 
INSULATOR 
_ 


B52600FQ13 


HEAT 
SINK 
OR CHASSIS_ 


RECTANGULAR 


MICA 
INSULATOR 


B05608AOO2 
DR 


ROUND 
MICA 
INSULATOR 
852600FQ15 
@ 


4-40 HEX 
NUT 


6-32 
HEX 
HEAD 
NUT 
- 
-- 
B0949OAOO5 


B0949OA(X)6 


TORQUE 
REQUIREMENTS 


Insulated 
0.68 N·m 16 IN. lBS.) 
MAX 


High Voltage 
Insulated 0.90 N·m (8 IN. LBS.) MAX 


Pari Numbers in This 
Column for 


NON-ISOLATED 


Part Numbers in This 


Column for 


INSULATING 
MOUNTING 
FROM 
SCREW 
•• 
•• 
..-/' 
T 
4-40 
HEX HEAD 
SCREW 
6-32 
HEX HEAD 
:..--- 
B094B9A030 
SCREW 


B094B9A032 
, 
STANDARD 
L, ::r"J 
NYLON 
INSULATING 
BUSHING 


. L;.,-LJ 
4 
B51547F018 


MOTOROLA 
SEMiCONDUCTOR 
..........•. 


CASE 340-01 


\~---- 
I---~ 


----" 
STANDARD 


~ 
MICA 
INSULATOR 
~---~ 
852600F018 


COMPRESSION 
WASHER 


COMPRESSION 
-----5\'--'--~----'( 
B522DOFOO5 


NUT OR 
LOCK WASHER 


B522DOFOO4 
(;: 
1)- 
4-40 
HEX NUT 


/ 
B09490AD05 
6-32 
HEX NUT 
B09490AOO6 
TORQUE 
REQUIREMENTS 
0_68 NM (6 in./lbs.) 
ma._ 


Recommended 
Torque: 0.57 Nm/5 
in.llbs 
.. 5,5 kg/em_ 


for 
Isolated 
or Non-Isolated 


Mounting. 
$erew 
IS at Semi· 


conductor 
Case 
Potential. 


6·32 
Hardware 
's Used, 


Choose 
hom 
Parts 
LISted 


Below 
.• 
T-6-32 
HEX 
HEAD 
SCREW 


B09489A035 


111 RECTANGULAR 
STEEL 


/ 
WASHER 
Y /,r 
a09002AOO, 


: 
: 
I 


n 
I 
( 
(21 RECTANGULAR 
U 
5 
MICA 
INSULATOR 


_ 
~ -----~ 
B08853AOOl 
J 
s 
(2) NYLH;:~~~:~NG 


B51547FOOS 


______ 
------ 
131 FLAT 
WASHER 


'\ 
: 
: 
( 
B51567F036 


---- 
141 COMPRESSION 
or 
(I J:) 6-32 
HEX 
NUT 
LOCK 
WASHER 


I 
B09490AOO6 
8522QOFOO4 


(1) 
Used 
wIth 
thin 
chUSI' 
and/or 
large 
hole. 


(21 Used 
when 
ISolatIon 
IS required. 


(31 
Required 
when 
nylon 
bushing 
a~d 
lOCk 
wa.her 
are 
used 


«4) 
CompreSSIon 
w •• he, 
preferred 
when 
pl.sti.: 
in.ulating 


m.terlel 
is used. 


for 
Isolated 
Mounting 


when 
Screw 
must 
be at 


Heat·S,nk 
Potent,al. 


~ 
4·40 
Hardware 
IS Used. 


,/ l§I ~ 
use.art,.IleIOW. 


1 
4·40 
HEX 
HEAD 
SCREW 


~ 
~ 
B094B9A034 


~ 
-- 
NYLON 
INSULATING 
BUSHING 


I 
I 
BS1547F015 


_~ 
l •. 


1 


---" 
( 
RECTANGULAR 


< 
MICA 
INSULATOR 


1 
~ 
B0885JAOOl 


:J 
HEAT 
SINK 


__________ 
COMPRESSION 
WASHER 


\ 
: 
: 
( 
B52200FOO5 
(;: 1) 
4_40 
HEX 
NUT 


B09490A005 


TORQUE 


REQUIREMENTS 


Insulated 


0.68 
N M 
(6 1n,lbs) 
m •.•• 


Noninsulated 


0.9 
N·M 
(8 
In·lbs)'mall' 


Data Sheets 


® MOTOROLA 


SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
Very fast switching times: 


tF typo = 50nS@lc=5 
A 


Rating 
Symbol 
BOY90 
BOY91 
BOY92 
Unit 


Collector-Emitter 
Voltage 
VCE(sus) 
100 
80 
60 
Vdc 


Collector-Base 
Voltage 
VCEO 
120 
100 
80 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
120 
100 
80 
Vdc 


Emiter Base Voltage 
VEB 
6 
Vdc 


Collector 
Current-Continuous 
IC 
10 
Adc 
Peak 
'CM 
15 


Base Current~Continuous 
'B 
2 
Adc 
Peak 
IBM 
3 


Total 
Power 
Dissipation 
Po 
Watts 


@TC=75°C 
40 
Derate 
above 
250C 
W/oC 


Operating 
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Junction 
TJ. Tstg 
°c 
Temperature 
Range 
-65to175 
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Thermal 
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Junction 
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~500C 
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:-.... 
Tc - 25°C 


""", 


Tc = 25°C 
'\'\ 
Vce = 5.QV 
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i 
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5 
10 
20 


Ie, COLLECTOR CURRENT lAmps) 
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POWER 
METAL 
TRANSISTOR 
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40 WATTS@Tc=750C 
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MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


• 
2223 
0875 


C 
635 
11.43 
0,250 
0,450 


D 
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1.09 
0.038 
0043 


E 
J43 
0, 13~ 


f 
29.90 
3040 
1.177 
1,197 


G 
10.67 
1118 
0.420 
0,440 


H 
5.21 
5.72 
0,205 
om 


J 
16.64 
17.15 
0.655 
0675 


K 
7.92 
0.312 


Q 
3.84 
4,09 
0151 
0,161 
S 
13.34 
0525 


T 
- 
4.18 
0188 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
Vde 


BOY90 
100 


(lC=30 
mA, IB =0) 
BOY91 
80 
BOY92 
60 


Collector 
Cutoff 
Current 
at Reverse Biais: 
ICEX 
mAde 


(VCEV = Aated Value, VBE(off) 
= 1.5Vl, 
(TC = 150°C) 
3.0 


Emitter-Cutoff 
Current 
lEBO 
mAdc 


(VEB =6V) 
0.1 


I 
Second Breakdown 
Collector 
Current 
with base forward 
biased 
ISIb 
See Figure 6 
I 
Clamped 
Inductive 
SOA with 
Base Reverse Biased 
ABSOA 
See Figure 7 


DC Current 
Gain 
hFE 
(lC= 
1 Adc, VCE =2 
VI 
35 
(lC= 
5 Ade, VCE =5 
VI 
30 
120 


(lc = 10 Ade, VCE =5 
VI 
20 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
Vde 
BOY90, BOY91 
1.5 
(lc = 10 Ade, IB = 1 Add 
BOY92 
1.0 


Base-Emitter 
Saturation 
Voltage 
VBE(satl 
Vde 
(lc = 10 Ade, IB = 1 Ade) 
1.5 


Current 
Gain - 
Bandwidth 
Product 
IT 
MHz 
(f =10 
MHz, It 
=0.5 
A, VCE =5 
VI 
70 MHz (typ) 


SWITCHING CHARACTERISTICS 
(Aesistive Loa,l) 


Turn on Time 
(lC=5 
A, VCC=30 
V) 
ton 
0.35 
1'5 


Storage Time 
ts 
1.3 


Fall Time 
(lB1 =-IB2 
=0.5 
AI 
tf 
0.2 


~1500C 


'" 


"=:: 


Tc-25OC 


"'.,'" 


Tc=2S"C 
"\ 
VC&=5.QV 


Tc_2S"C 
I 
IcJlb= 10 


V / 
-- 


11,J,l 
\ 1 
I 


1\ 


\ 
'r-- 


Tc= 250C 
r---- 


Tc=25"C 
IcJlb= 10 


./ 
- 
V- 


I 


1.0 


« 
0.7 


~ 
_ 
0.5 
wO 
rw 
~:; 
0.3 


~ 
~ 
0.2 
u;~ 
zo 
""z 


~; 
0.1 


> z 0.07 
-""g~0.05 


~~O.03 


t=O'05 
ROJC(t) 
,(I) ROJC 
~ 


~ 
o CURVES 
APPLY 
FOR 
POWEA 
0.1 
PULSE 
TRAIN 
SHOWN 
READ T1f;"e All! 
f--- 
0.1 
- 


.L.~TC 
= P(pk) OJe(t) 
•... 
t:= 0.05 
pmIL 


~001 


001 
f-- 
SINGLE 
PULSE 
t~-J 
I 
I 
DUTY 
CYCLE. 
0 "11/t2 I 


,'mS .J 


DC ~ 


...... 


BOY92 


Tc:=25OC 
IBDt~\ 
BDY~ 


TUTn«)ff 
10", 
line 
bound.ry 
for 
BDY90 


The 
locus for 
BDY91 


is 20V 
len. 
The 
locus 


for BDY92 
is 40V 
less 


\ 
\\ 


Tc:25"C 


-......... 


lc/lb;rl0 


FORWARD 
BIAS 


There are two limitations on the power handling ability 
of a transistor: 
average junction temperature 
and second 
breakdown. 
Safe operating area curves indicate IC - VCE 
limits of the transistor that must be observed for reliable 
operation; 
i.e., the transistor 
must not be subjected 
to 
greater dissipation than the curves indicate. 


The data of Figure 6 is based on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be der'ated 
when TC ~ 25°C. Second breakdown 
limitations do not 
derate the same as thermal limitations. Allowable current 
at the voltages shown on Figure 6 may be found at any case 
temperatu reo 
TJ(pk) may be calculated from the data in Figure 5. 
At high case temperatures, 
thermal limitations will reduce 
the power that can be handled to values less than the limi- 
tations imposed by second breakdown. 


For inductive 
loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases,with the base to emitter junction reverse biased. Under 
these cond itions the collector voltage must be held to a safe 
level at or below a specific value of collector current. This 
can be accomplished by several means such as active clam- 
ping, RC snubbing, 
load line shaping, etc. The safe level 
for these devices is specified as Reverse BiasSafe Operating 
Area and represents the voltage-current 
conditions 
allo- 


wable during reverse biased turn-off. This rating is verified 
under clamped conditions 
so that the device is never sub- 


jected 
to an avalanche 
mode. 
Figure gives the RBSOA 
characteristics, 


t:-- 


Tc=25oC 
- 


IclJb-1O 
lice 
3JV 


'81--181- 


..•....• 


........•. 


'f 


® MOTOROLA 


PLASTIC 
MEDIUM 
POWER 
SILICON 
NPN TRANSISTOR 


. 
. 
. designed 
for 
use as audio 
amplifiers 
and drivers 
utilizing 
complementary 
or quasi complementary 
circuits. 


• 
Available in HFE groups -6, -10, -16 
• 
DC Current 
Gain-hFE 
= 40 (Min) 
ljl 
IC = 0.15 Adc 


• 
BD 135, 137, 139 are complementary 
with 
BD 136, 138, 140 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Type 
Valua 
Unit 


Bo 
135 
45 
Collector-Emitter 
Voltage 
VCEO 
Bo 
137 
60 
Vdc 


Bo 
139 
80 


Bo 
135 
45 
Collector-Base 
Voltage 
VCBO 
Bo 
137 
60 
Vdc 


I 
Bo 
139 
80 


Emitter-Base 
Voltage 
VEBO 
5 
_.-:: ~ 


Collector 
Current 
IC 
1.5 


Base 
Current 
IB 
0.5 
Adc 


Total 
Device Dissipation@TA 
- 2.S0C 
Po 
1.25 
Watts 


Derate above 2SoC 
10 
mwf'C 


Total 
Device Dissipation@Tc=2SoC 
Po 
12.5 
Watt 


Derate above 2SoC 
100 
mWf'C 


Operating and Storage Junction 
TJ, T 51g 
-55 
to +150 
°c 
Temperature 
Range 


Characteristic: 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
Junction 
to Case 
8JC 
10 
°cm 


Thermal Resistance. Junction 
to Ambient 
8JA 
100 
°cm 


Characteristic: 
Symbol 
Type 
Min Ma. 
Unit 


Collector-Emitter 
Sustaining 
Voltage- 
BVCEO" 
Vdc: 
"C 
: 
0.03 Adc, 
IB : 
0) 
Bo 
135 
45 - 
Bo 
137 
60 - 
Bo 
139 
80 - 
Collector 
Cutoff 
Cunent 
'CBO 
"Ad«: 
(VCB: 
30 Vdc, IE: 
0) 
- 
0.1 


(VCB: 
30 Vdc,'e 
: 
0, TC = 1250 C) 
- 
10 
- 


Emitter 
Cutoff 
Current 
lEBO 
!'Ad«: 
(V BE - 5.0 Vdc, 
IC = 0) 
- 
10 


DC Current Gain 
hFE. 
"C : 
O.OO5A, V CE : 
2 V) 
25 
- 
- 


"C: 
O,l5A,VCE=2V) 
40 
25C 


"C= 
0.5A 
VCE =2 
V) 
25 
- 


CollectCf-Emitter 
Saturation 
Voltage" 
VCE(sat) 
Vdc: 


(I,.. = 0.5 Adc, In = 0.05 Adc) 
- 
0.5 


Base-Emitter 
On Voltaga" 
VBE(on) 
Vdc 
II" 
= 0.5 Ado, V"E 
= 2.0 Vdcl 
- 
1 


80135, -6, -10, -16 
80137, -6, -10, -16 
80139, -6, -10, -16 


1.5 AMPERE 
POWER TRANSISTOR 


45, 60. 80 VOLTS 
10 WATTS 


,4: 


C 
B 


STYlE 
1 
~ 


PIN 
1 EMITTER 
II~L 
2 
COLLECTOR 
236 
P 


J 
BASE 
-1- _O.6~ 
T .. 
!!dB 
0.89 
0.63 
1.14 
2.41 


~ 


2 
J~~2.66 
F, 


HEAT SINK 
30 
CONTACT 
AREA 
~ 
TYP 


IBOTTOMI 


"Iud 
bendrng II required, 
use sUltabl, 
cl,mps 
or olher supports 
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80135 


-- 80137 
80139 


VCE' 
COLLECTOR-EMITTER 
VOLTAGE 


(VOLT) 


Available 
in HFE groups 
(At IC = 0.15 A. VCE = 2 V) HFE group: 
·6 
·10 
·16 


® MOTOROLA 


PLASTIC 
MEDIUM 
POWER 
SILICON 
PNP TRANSISTOR 


. designed 
for 
use as audio 
amplifiers 
and drivers 
utilizing 
complementary 
or quasi complementary 
circuits. 
• 
Available in HFE groups -6, -10, -16 
• 
DC Current 
Gain-hFE=40 
(Min) 
@ 
IC= 0.15 Adc 


• 
SO 136, 138, 140 are complementary 
with 
SO 135, 137, 139 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Type 
Valua 
Unit 


BO 136 
45 
Collec10r-Emitter 
Voltage 
VCEO 
BO 136 
60 
Vde 


BO 140 
80 


BO 136 
45 


Collector- 
Base Voltage 
VCBO 
BO 136 
60 
Vdc 


BO 140 
eo 


Emitter-Base 
Voltage 
VEBO 
5 
Vde 


Collector Current 
IC 
1.5 
Adc 


Base 
Current 
IB 
0.5 
Adc 


Total 
Device 
Dissipation@TA::;:2SoC 
Po 
1.25 
Watts 


Derate above 2SoC 
10 
mwf'C 


Total 
Device 
Dissipation@Tc=2SoC 
Po 
12.5 
Watt 


Derate above 2SoC 
100 
mWf'C 
r----- 


°c 
Operating and Storage Junction 
TJ' T stg 
-55 
to +150 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction 
to Case 
8JC 
10 
°CM 


Thermal Resistance. Junction 
to Ambient 
8JA 
100 
°CM 


Characteristic 
Symbol 
Type 
Min 
Max 
Unit 


Collector-Eminer 
Sustaining 
Voltage- 
BVCEO 
Vdc 
(lC = 0.03 Adc, IB = 01 
BO 136 
45 - 
BO 136 
60 - 
BO 140 
eo - 
Collector 
Cutoff 
Current 
'CBO 
/lAdc 
(VCB = 30 Vdc, IE =01 
- 
0.1 
(VCB=30Vdc,le 
=0, 
TC= 
1250Cl 
- 
10 
- 


Emitter 
Cutoff 
Current 
lEBO 
/lAde 
(V BE = 5.0 Vdc. 
IC = 0) 
- 
10 


DC Current Gain 
. 
(lC = 0.005A, 
V CE = 2 V) 
hFE 
25 
- 
- 
(le= 
0.15A,VCE=2VI 
40 
250 


tiC = 
a.5A, VCE = 2 VI 
25 
- 


Collector-Emitter 
Saturation 
Voltage- 
VCE(sat) 
Vdc 
(IC = 0.5 Adc, IB = 0.05 Adcl 
- 
0.5 


Base-Emitter 
On Voltage' 
VBE(on) . 
Vdc 
II" = 0.5 Adc, V('~ = 2.0 Vdcl 
- 
1 


80136, -6, -10, -16 
80138, -6, -10, -16 
80140, -6, -10, -16 


1.5 AMPERE 
POWER TRANSISTOR 


45, 60, 80 VOLTS 
10 WATIS 


10.79 
fDi4 
---+ 


~ 


050 
15.36 
066 
16.63 


STYLE 
1 
1 


PIN 
1 EMITTER 
11~IL 
1.COLLECTOR 
236 T P 


3. BASE 
-1- 
0.6~ 
•• 


~ 
0.89 
063 
1.14 
2.41 
tn' 
1 
1 
3 _fr.39 
E2.66 
F • 


HEAT SINK 
_ 
30 
CONTACT 
AREA 
~ 
TYP 


(BOTTOM( 


11Indbtndlng 
IS requlred,use 
sUItable 
clamps 
or olher 
supports 
belweenlranSlsloru,t 
ilnd pOlnlofbend 
AlIdtmenSloosmm,lhmlllers 


10.0 


ii:" 
5.0 
~ 
~ 
2.0 
I- 
Z 
w 
1.0 
a:a: 
::> 
0.5 
U 
a:0 
02 
I- 
U 
w 
0.1 
..J 
..J 
0 
0.05 
U 
U 
0.02 


0.01 


5 ns 
' ..•~ 
"O.ln 
s 
••• U.:>ms- ", 
,f 
..... .•.. 
, 


'\. 


'\. " 


'\. 


,TJ 
- 
1250C 
"'\.' 


BD136 - 
BD138 
BD140 
, 


VCE' 
COLLECTOR-EMITTER 
VOLTAGE 


(VOLT) 


Available 
in HFE groups 
(at IC = 0.15 A. VCE 2 V) HFE group: 
-6 


-10 
-16 


40 
100 
63 
160 
100 
250 


® MOTOROLA 


NPN SILICON 
ANNULAR· 
AMPLIFIER 
TRANSISTORS 


designed 
for 
general·purpose, 
medium·voltage, 
medium 
power 


amplifier 
and 
driver 
applications; 
series, 
shunt 
and 
switching 
regu· 


lators, 
and 
low 
and 
high 
frequency 
inverters 
and 
converters 
. 


• 
High 
Collector· 
Emitter 
Breakdown 
Voltage 
- 


BVeEO 
= 100 
Vdc 
(Min.) 
@ Ie = 1.0 
mAde 
- 
BD389 


• 
Duowatt 
Package 
- 
2 Watts 
Free 
Air 
Dissipation 
@ T A = 250e 


• 
Complements 
to 
PNP 
BD386, 
BD388, 
8D390 


MAXIMUM 
RATINGS 


Rating 
Symbol 
BD385 
I B0387 
I B0389 
Unit 


Collector·Emitter 
Voltage 
VCEO 
60 
I 
80 
I 
100 
Vdc 
- 
I 
I 
Collector-Base 
VOltage 
VC80 
60 
80 
100 
Vdc 


EmItter-Base Voltage 
VE80 
5.0 
Vdc 


Collector 
Current 
Continuous 
IC 
1.0 
Adc 


Peak 
(1) 
2.0 


Base Current 
18 
100 
mAde 


Total Power Dissipation 
@ TA - 2SoC 
PD 
2.0 - 
Watts 
Derate 
above 
2SoC 
16 
mW/oC 


Total Power Dissipation 
@TC = 2SoC 
PD 
10 
Watts 


Derate 
above 
25°C 
80 
mW/oC 


Operating 
and StOrage 
Junction 
TJ,Tstg 
--55 
to +150- 
°c 
Temperature 
Range 


Solder 
Temperature. 
1/16" 
from 
Case 
- 
260- 
°c 
for 10 Seconds 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. Junction 
to Ambient 
ROJA 
62.5 
°C/W 


Thermal 
Resistance. 
Junction 
to Case 
ROJC 
12.5 
°CIW 


(11 •• 10 ms," 
50% Dutv 
Cvcle 


80385 
80387 
80389 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 


STYLE 2 
PIN 
1. EMITIER 
2. COLLECTOR 
3. BASE 
4. COLLECTOR 


101M 
MILLIMETERS 
INCHES 
MIN 
MAX 
MIN 
MAX 
A 
21.84 
22.35 
0.860 
0.880 
B 
9.91 
10.41 
0.390 
0.410 
C 
4.39 
4.65 
0.173 
0.183 
0 
0.58 
0.74 
0.023 
0.029 
F 
3.56 
4.06 
0.140 
0.160· 


G 
1.41 
1.67 
0.095 
0.105 
H 
1.70 
1.96 
0.067 
0.07.7 
J 
0.48 
0.66 
0.019 
0.016 
K 
11.19 
12.95 
0.480 
0.510 
L 
1.65 
1.03 
0.065 
0.080 
N 
9.91 
10.16 
0.390 
0.400 
Q 
3.56 
3.81 
0.140 
0.150 
R 
1.01 
1. 
0.042 
0.0 


T 
7.81 
9.14 
0.310 
0.360 


"ELECTRICAL 
CHARACTERISTICS 
ITA: 
25°C unless otherw;se noted.1 


I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Collector' Emitter 
Breakdown 
Voltage 
BVCEO 
Vde 


IIC = 1.0 mAde: IB = 01 
B0385 
60 
- 


BD387 
80 
- 


B0389 
100 
- 


Collector-Base 
Breakdown 
Voltage 
BVCBO 
Vde 


(lC: 
100~Ade.IE 
= 01 . 
B0385 
60 
- 


B0387 
80 
- 


BD389 
100 
- 


Emitter-Base 
Breakdown 
Voltage 
BVEBO 
5.0 
Vde 


(IE = 100 ~Ade.lc 
= 01 


Collector Cutoff Current 
ICBO 
nAdc 


IVCB: 
40 Vde.IE 
= 01 
B0385 
- 
100 


IVCB = 60 Vde. IE = 01 
B0387 
- 
100 


IVCB = 80 Vde. IE = 01 
B0389 
- 
100 


Emitter 
Cutoff 
Current 
lEBO 
100 
nAdc 


IVEB = 4.0 Vde. IC = 01 


DC Current 
Gain 
hFE 
- 


(lC = 10mAde. 
VCE =.1.0Vdcl 
60 
- 


(lC = 50 mAde. VCE = 1.0 Vdel 
80 
300 


IIC = 250 mAde. V CE = 1.0 Vdcl 
60 
- 


(lC = 500 mAde. VCE = 1.0 Vdcl 
25 
- 


Collector-Emitter 
Saturation 
Voltage 
VCElsat) 
Vde 


(lC = 250 mAde. IB = 10 mAdcl 
- 
0.5 
(lC = 1.0 Adc. IB = 100 mAde) 
- 
1.0 


Base-Emitter 
On Voltage 
VBElonl 
1.2 
Vde 


(lC = 250 mAde. VCE = 5.0 Vdcl 


Current-Gain 
- 
Bandwidth 
Product 
IT 
75 
350 
MHz 


(lC = 100 mAde. VCE = 5.0 Vde. I' 
20 MHzl 


Collector-Base 
Capacitance 
Ceb 
18 
pF 
IVCB = 20 Vde. IE = O. f = 1.0 MHz! 


FIGURE 
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There 
are two 
limitations 
on the power 
handling 
ability 
of a transistor: 
average 
junction 
temperature 
and 
second 
breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 
limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 
operation; 
i.e., 
the 
transistor 
must 
not 
be subjected 
to 
greater 
dissipation 
than 
the curves 
indicate. 
The 
data 
of Figure 
10 is based 
on TC = 250C; 
TJ(pk) 
is variable 
depending 
on power 
level. 
Second 
breakdown 
pulse 
limits 
are valid for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ;;. 250C. 
Second 
breakdown 
limitations 
do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 
current 
at the 
voltages 
shown 
on Figure 
10 may 
be found 
at any 
case temperature 
by using the appropriate 
curve 
on 
Figure 
11. 
TJ(pk) 
may 
be calculated 
from 
the 
data 
in Figure 
9. 
At high case temperatures, 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 
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TC. CASE TEMPERATURE 1°C) 


@ MOTOROLA 


PNP SILICON ANNULAR. 
AMPLIFIER 
TRANSISTORS 


.. 
designed for 
general·purpose, 
medium-voltage, 
medium 
power 
amplifier 
and driver 
applications; 
series, shunt 
and switching 
regu- 


lators, and low and high frequency 
inverters and converters. 


• 
High Collector-Emitter 
Breakdown 
Voltage 
- 
BVCEO = 100 Vdc (Min) 
@ IC = 1.0 mAdc 
- 
80390 


• 
Ouowatt 
Package - 
2 Watts 
Free Air 
Oissipation 
@ T A = 2SoC 
• 
Complements to NPN 80385/80387/80389 


MAXIMUM 
RATINGS 


R.ting 
Symbol 
80311 I 
80311 I 
80390 
Unit 


Collector-Emitter 
Voltage 
VCEO 
60 I 
80 
T 
100 
Vde 


Collector-Base 
Voltage 
VCBO 
60 I 
BO I 
100 
Vde 


Emitter·8ase 
Voltage 
VEBO 
50 
. 
Vde 


Collector 
Current 
Continuous 
IC 
1.0_ 
Ade 
Peak 
2.0- 


Base Current 
IB 
100 
mAde 


Total Power Dissipation 
@ TA - 2SoC 
Po 
2.0 
Watts 
Derate 
above 
2SoC 
16 
mW/oC 


Total 
Power Dissipation 
@ T C = 2SoC 
Po 
10 
Watts 
Derate above 2SoC 
BO 
mw/oC 


Operating 
and Storage Junction 
TJ.Tstg 
-55 
'0+150-- 
°c 
Temperature 
Range 


Solder Temperature, 
1/16" 
from Case 
260- 
°c 


for 10 Seconds 
THERMAL 
CHARACTERISTICS 


Charlcteristic 
Symbol 
Ma. 
Unit 


Thermal 
Resistance. Junction 
to Ambient 
R8JA 
62.5 
°C/W 


Thermal 
Resistance, Junction 
to Case 
R8JC 
12.5 
°CM 


BD386 
BD388 
BD390 


PNPSILICON 
AMPLIFIER 
TRANSISTORS 


H 
b;J 


G 
LL.....~ 


R t:::::::l~-l 
I 
-=tJ 


STYLE 
2 
PIN 
1. EMITTER 
2. COLLECTOR 
3. 8ASE 
4. COLLECTOR 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
21.8' 
22.35 
0.860 
0.880 
8 
9.91 
10.41 
0.390 
0.410 
C 
4.39 
4.65 
0.173 
U.183 


0 
0.58 
0.74 
0.023 
0.029 
F 
3.56 
'.06 
0.140 
0.160 
G 
2.41 
2.67 
0.095 
0.105 
H 
1.70 
1.96 
0.067 
0.077 


J 
0.48 
0.66 
0.019 
0.026 


K 
12.19 
12.95 
0.480 
0.510 
L 
1.65 
2.03 
0.065 
0.080 
N 
9.91 
10.16 
0.390 
0.400 


Q 
3.56 
3.81 
0.140 
0.150 
R 
1.07 
1.75 
0.042 
0.069 
T 
7.87 
9.14 
0.310 
0.360 


"ELECTRICAL 
CHARACTERISTICS 
(TA = 25°C unless otherwise 
noted.) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS" 


Collector-Emitter 
Breakdown 
Voltage 
BVCEO 
Vdc 


(lC 
= 1.0mAdc.IB 
-0) 
B0386 
60 
- 


B0386 
BO 
- 
B0300 
100 
- 


Collector-Base 
Breakdown 
Voltage 
BVCBO 
Vdc 


lIc = 100uAde. 
IE = Q) 
B0386 
60 
- 


B0386 
80 
- 
B0390 
100 
- 


Emitter·Base 
Breakdown 
Voltage 
BVEBO 
5.0 
- 
Vdc 


(IE - 100 uAde. IC = 0) 


Collector Cutoff Current 
ICBO 
nAde 


(VCB = 40 Vde. IE = 01 
B0386 
- 
100 


(VCB 
= 60 Vde. IE = 0) 
B0386 
- 
100 


(VCB = 80 Vde. IE - 0) 
B0300 
- 
100 


Emitter Cutoff Current 
lEBO 
100 
nAdc 


(VEB 
= 4.0 Vde. IC = 01 


DC Current Gain 
hFE 
lIC' 
10 mAde. VCE = 1.0 Vdcl 
60 
- 


(lC • 50 mAde. VCE = 1.0 Vdel 
BO 
300 


(lC = 250 mAde. V CE - 1.0 Vde) 
60 
- 


IIc 
- 500 mAde. VCE = 1.0 Vdcl 
25 
- 


Collector-Emitter 
Saturation 
Voltage 
VCElsatl 
Vdc 


lIc 
= 250 mAde. 
IB = 10 mAdcl 
- 
0.5 
lIC' 
1.0 Ad<. IB = 100 mAdcl 
- 
1.0 


Base-Emitter 
On Voltage 
VBE(on) 
1.2 
Vdc 


(lC - 25<1mAde. VCE = 5.0 Vdcl 


Current-Gain 
- 
Bandwidth 
Product 
IT 
75 
350 
MHz 


(IC = 100 mAde. VCE = 5.0 Vde. f • 20 MHz)· 


Collector-Base 
Capacitance 
Ceb 
18 
pF 


(VCB 
= 20 Vde. IE • O. f = 1.0 MHz) 


There are two limitations on the power handling ability of a 


transistor: 
average junction 
temperature 
and second breakdown. 


Safe operating 
area curves Indicate 
IC,VCE 
limits of the transistor 


that 
must be observed 
for 
relIable 
operation; 
i.e., the tranSlltor 


must not be subjected to greater dissipation than the curves indicate. 


The data of Figure 1 is based on T J(pk l = 1S00C; T C isvariable 
depending 
on cClf'\ditions. Second breakdown 
pulse limits are valid 
for duty 
cycles to '10% provided T J(pkl < lS0oC. 
T J(pkl 
may be 
calculated 
from 
the data in Figure 6. 
At high case temperatures, 


thermal 
lImitations 
will reduce the power that can be handled 
to 


values less than 
the limitations 
imposed 
by second breakdown. 


ISee AN·415AI. 
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PRODUCT 


® MOTOROLA 


NPN SILICON DARLINGTON 
AMPLIfiER 
TRANSISTORS 


· .. 
designed for amplifier 
and driver applications 
where high gain is 


an essential 
requirement, 
low 
power 
lamp 
and relay 
drivers 
and 
power drivers for high-current 
applications 
such asvoltage regulators. 


• 
High DC Current Gain - 
hFE ; 25,000 (Min) 
@ IC; 
200 mAdc - 
BD 411 
; 15,000 (Min) 
@ IC; 
500 mAdc - 
BD 411 


• 
Collector-Emitter 
Breakdown 
Voltage - 
BVCES; 
40 Vdc (Min) 
@ IC; 
100 /-lAdc 


• 
Low Collector-Emitter 
Saturation 
Voltage - 


VCE(sat) ; 1.5 Vdc (Max) 
@ IC; 
1.0 Adc 


• 
Duowatt 
Package - 


2 Watts Free Air Dissipation 
@ TA; 
250C 


• 
Complements 
to PNP 
BD 413/414 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Value 
Unit 


·Collector-Emitter 
Voltage 
VCEO 
40 
Vde 


Collector-Emitter 
Voltage 
VCES 
40 
Vde 


·Collector-Base 
Voltage 
VCBO 
50 
Vde 


*Emitter-Base 
Voltage 
VEBO 
12 
Vde 


·Collector 
Current 
~ Continuous 
IC 
2.0 
Ade 


• Base Current 
- 
Continuous 
IB 
100 
mAde 


-Total 
Power 
Dissipation 
@ T A = 25°C 
Po 
2.0 
Watts 
Derate above 2SoC 
16 
mW/oC 


Total 
Power Dissipation@Tc 
= 2SoC 
Po 
10 
Watts 


Derate 
above 
2SoC 
80 
mW/oC 


·Operating 
and Storage Junction 
TJ,Tsl!l 
-55 
to +150 
°c 
Temperature 
Range 


·Solder 
Temperature, 
1/16" 
from 
Case for 
- 
260 
°c 
10 Seconds 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Mix 
Unit 


Thermal 
Resistance, Junction 
to Ambient 
R8JA 
62.5 
°CIW 


Thermal 
Resistance. 
Junction 
to Case 
R8JC 
12.5 
°CIW 


B0411 
B0412 


NPN SILICON 
DARLINGTON AMPLIFIER 
TRANSISTORS 


T 


U 
, ·-Ai 
IIi 


oj- _~ 


Lr- 
N tr1 
R 
~.J 
T~-=t 


J 


STYlE 
I 


PIN 
1 
EMITTER 
1 BASE 
3 
COLLECTOR 


4 
COLLECTOR 


MILLIMETERS 
INCHES 


OIM 
MIN 
MAX 
MIN 
MAX 


A 
11.B4 
1135 
0.860 
0.B80 


B 
9.91 
10.41 
0.390 
0.410 
C 
4.39 
4.65 
0.173 
0.183 
0 
0.58 
0.74 
0.013 
0.019 


F 
3.56 
4.06 
0.140 
0.160 


G 
1.41 
1.61 
0.095 
0.105 
H 
1.10 
1.96 
0.061 
0.01.1 
J 
0.48 
0.66 
0.019 
0.016 
K 
12.19 
12.95 
0.480 
0.510 


L 
1.65 
2.03 
0.065 
0.080 
N 
9.91 
10.16 
0.390 
0.400 
Q 
3.56 
3.Bl 
0.140 
0.150 
R 
1.01 
US 
O. 


T 
1.Bl 
9.14 
0.310 
0.360 


• ELECTRICAL 
CHARACTERISTICS 
ITA: 
25°C 
unle •• othecwise 
noted.) 
I 
C"rKtoristic 
I 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter 
Breakdown 
Voltage( 
1) 
BVCES 
40 
- 
Vdc 


(lC = 1001'Adc, 
VBE = 0) 


Collector-Base 
Breakdown 
Voltage 
BVCBO 
50 
Vde 


(lC = lool'Ade.IE 
= Ol 


Emitter·Base Breakdown Voltage 
BVEBO 
12 
Vde 


(IE = 10 I'Adc. 
IC = 0) 


Collector 
Cutoff 
Current 
ICBO 
100 
nAde 


IVCB 
= 30 Vdc. 
IE ~ 0) 


Emitter 
Cutoff 
Current 
lEBO 
- 
100 
nAde 


(VEB' 
10 Vde. IC = 0) 


DC Current 
Gain 
hFE 
- 


(lC = 200 mAde. 
VCE = 5.0 Vdcl 
B0411 
25.000 
150.000 
B0412 
15.000 
150.000 


(lC = 500 mAde. 
VCE = 5.0 Vde) 
B0411 
15.000 
- 


B0412 
10.000 
- 


(lC = 1.0 Adc. 
VCE = 5.0 Vde) 
B0411 
5.000 
- 


B0412 
3.000 
- 


Collector·Emitter 
Saturation 
Voltage 
VCE(sat) 
Vde 


(IC : 
1.0 Ade. 
IB = 2.0 mAde) 
- 
1.5 


(lC = 2.0 Adc. 
IB : 4.0 mAdcl 
- 
2.0 


Base-Emitter 
Saturation 
Voltage 
VBE(sat) 
- 
2.0 
Vde 


(IC = 1.0 Adc. 
IB = 2.0 mAde) 


Base-Emitter 
On VOltage 
VBElon) 
- 
2.0 
Vde 


(lC = 1.0 Ade. VCE = 5.0·Vdcl 


High Frequency 
Current Gain 
Ihlel 
1.0 
- 
- 


IIc 
= 200 mAd~. 
VCE = 5.0 Vde. 1= 100 MHz) 


Output 
Capacitance 
Cob 
- 
7.0 
pF 


IVCB 
= 10 Vde. IE = O. 1= 1.0 MHz) 


Small-Signal 
Current 
Gain 
hie 
- 


IIC = 50 mAde. 
VCE = 5.0 Vde. 1= 1.0 kHz) 
B0411 
20.000 
- 


B0412 
15.000 
- 


N 
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There are two limitations 
on the power handling ability 
of a 
transistor: 
average junction 
temperature 
and second breakdown. 
Safe operating area curves indicate 
IC,VCE limits of the transistor 
that 
must be observed for reliable 
operation; 
i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 
The data 01 Figure 1 is based on T J Ipk) 
= 150°C; 
T C is variable 
depending on conditions. 
Second breakdown pulse limits are valid 
lor 
duty 
cycles 
to 10% provided 
TJlpk)';; 
150°C. 
TJlpk) 
may be 
calculated from 
the data i.n Figure 6. 
At high case temperatures, 
thermal 
limitations 
will 
reduce the power that can be handled to 
values less than the limitations 
imposed by second breakdown. 
lSee AN-415AI. 
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, 'It) R8JA 
Z "1.1 
RUA 
= 62.SoCIW 
Max 


"" 
0.01 


001 
--0~J 
o CURVES API'L Y FO R POWER 
PULSE TRAIN SHOWN 
--t" 
READ TIllE 
AT •• 


I 
Duty Cycle, 0 '" tl/t2 
TJ(pkl 
- TC ' P(pltl ReJC('1 


TJ'250C 


r--. 
..•.•.• 


Gib 
...•... 


'"":- ::::"" 
Cob 


0.2 
0.5 
1.0 
2.0 
5.0 
10 


VR. REVERSE VOLTAGE (VOLTSI 


VCE'· 
5.0 V 


TJ·250C 
-- 
-~ 
......•.•. 


1'\ 


\ 


20 
30 
50 
70 
100 
200 
300 
500 


IC. COLLECTOR CURRENT (mAl 


® MOTOROLA 


PLASTIC 
DARLINGTON 
COMPLEMENTARY 
SILICON 
ANNULARO 
POWER 
TRANSISTORS 
... 
designed for general purpose amplifier 
and high-speed 
switching 
applications 
such as hammer drivers for desk calculators. 


High DC Current Gain 
hFE = 1400 (Typ) 
@ IC = 2.0 Adc 


Collector· Emitter 
Sustaining Volt~ge - 
@ 10 mAdc 
VCEO (sus) 
= 45 Vdc (Min) - 
B0775, 
776 
= 60 Vdc (Min) - 
B0777, 
778 
= 80 Vdc (Min) - 
B0779, 
780 


Reverse Voltage Protection 
Diode 


Monolithic 
Construction 
with 
Built·in 
Base·Emitter 
output 
Resistor 


Thermopad 
ilL'>Construction 
with 
Hard Solder for 
High Reliability. 


MAXIMUM 
RATINGS 


Rating 
Symbol 
B0775 
B0777 
B0779 
Unit 
B0776 
B0778 
B0780 


Collector·Emitter 
Voltage 
VCEO 
45 
60 
80 
Vdc 


Collector-Base 
Voltage 
VCB 
45 
60 
80 
Vdc 


Emitter-Base 
Voltage 
VEB 
5.0 
Vdc 


Collector 
Current 
- 
IC 
4.0 
Adc 


Continuous 
Peak 
6.0 


Base Current 
IB 
100 
mAde 


Total 
Device Dissipation 
Po 
15 
Watts 
T C - 
25°C 
- 
Derate 
above 
0.12 
W/oc 


25°C 


Operating and Storage 
TJ. TSl9 
- 
65'0+'50 
°c 
junction 
Temperature 
TJ' TSlg 
Range 


Charac.ristiCi 
Symbol 
Max. 
Unit 


Thermal 
Resistance, 
Junction 
to Case 
R8JC 
8.34 
°C/W 


Thermal 
Resistance, junction 
to Ambient 
R8JA 
83.3 
°C/W 


r--. 


.•..••1'-... 


........• 


"- " 
t....... 


I' 


'" 


.•...• 
........• 


16 


~ 
a 


IZ 
~ 
a~~ 
a 


08 ~~ 


'U» 
~ 
~ 


D. 
:;; 
~ 


~ 
•... 
11 
~ 
zo;: 
:. 
8.0 
ill 
<5 
'"~ 


~ 
4.0 
~ 


PNP 
80776 
80778 
80780 


80775 
80777 
80779 


DARLINGTON 
4-AMPERE 
COMPLEMENTARY 
SILICON 
POWER TRANSISTORS 


45, 60, 80 VOLTS 
15 WATTS 


10.79 
11.04 


---+ 


~ 


15.36 
16.6:i 


STYlE 
1 
_ 
_ _ 1 


PIN ; 
~~:~~~~OR 
IIIL 


3 B~ 
~ rg:i~3:.~:' 2.41 
:j ~~;f~,.. 


HEAT 
SINK 
30 
CONTACT 
AREA 
TVP 


IBOTTOM! 


"Iud 
bendlnQISrequned use sUIlilbleclamps or olher supp«1s 
belween'filnSlslorultand 
polnlofbend 
~IIdimensIons 1ftmlillme'.s 


o 
Annular 
Semicon.ductors 
Patented 
by Motorola 
Inc. 


6. 
Trademark 
of Motorola 
Inc. 


NPN 
PNP 
• 80775,80777,80779 
• 80776,80778,80780 


CHARACTERISTIC 
SYMBOL 
MIN. 
MAX. 
UNIT 


OFF CHARACTERISTICS 


Collector-Emitter 
Collector· 
Emitter 
Sustaining Voltage 
(1) 
VCEO (sus) 
Vde 


(10 = 10 mAde. 'B = 0) 
B0775. 
B0776 
45 
B0777, 
B0778 
60 
B0779, 
B0780 
80 


Collector 
Cutoff 
Current 
ICEO 
!JAde 


IVCE = 20 Vde. IB = 01 
B0775. 
B0776 
100 


IVCE = 30 Vde, IB = 0) 
B0777, 
B0778 
100 
IVCE = 40 Vde, IB = 0) 
B0779, 
B0780 
100 


Collector 
Cutoff 
Current 
'CBO 
!JAde 
(VCB ~ Rated, VCEO (susl,IE = 01 
1.0 


IVCB - 
Rated, VCEO Isusl. IE = 0, 'C = loooCI 
100 


Emitter Cutoff Current 
'EBO 
1.0 
!JAde 
(VBE ~ 5.0 Vde. IC = 0) 


ON CHARACTERISTICS 


DC Current 
Gain 
HFE 
(lC = 2.0 Ade, VCE ~ 3.0 Vde) 
750 


I 


Collector-Emitter 
Saturation 
Voltage 
VCE (Sail 
1.5 
Vde 


(lC -1.5 
Ade,IB 
~ 
6mAde) 


Base Emitter 
Saturation 
Voltage 
VBE ISall 
2.5 
Vde 
(lC ~ 1.5 Ade, 'B = 
6mAde) 


Base-Emitter 
On Voltage 
VBE 10ni 
2.3 
Vde 
(lC = 1.5Ade. 
VCE = 3 Vde) 


Output Diode Voltage Drop 
VEC 
2.0 
Vde 
(I EC = 2.0 Ade) 


DYNAMIC 
CHARACTERISTICS 


Current 
Gain Bandwidth 
Product 
IT 
20 
MHz 
(lC = 1.0 Ade, VCE - 
2.0 Vde) 


SYMBOL 
TYP. 
UNIT 


Turn·On 
Time (lC = 250 mANCE 
- 
2 VI 
'on 
25 
250 
ns 
B0775-777-779 
250 
B0776-778-780 
150 


Turn Oil 
Time (lC = 250 mA, VCE = 2 V) 
'oil 
ns 
B0775-777-779 
600 
B0776-778-780 
0400 


"QUIIII 
2 _ ACTfVI 
••• OIOff •••.• 11Of'tIllATIMO 
.•.•••.•. 
".. 


B0175~ 
- 
--.., 


B0117 
I 
I 


80179 
I 
t 
•••• 
I 
I 


I 
I 
I 
I 
I 
••,- 
I 


L 
J 


1:_••. 


® MOTOROLA 


COMPLEMENTARY 
PLASTIC 
SILICON 
ANNULAR· 
POWER TRANSISTORS 


· .. designed for 
low power audio amplifier 
and low current. 
high· 


speed switching applications. 


• 
low 
Collector-Emitter 
Sustaining Voltage - 
VCEO (sus) 
45 Vdc (MinI - B0785, 
B0786 
60Vdc 
(MinI - B0787, 
B0788 


• 
High Current-Gain - 
Bandwidth Product - 
fT = 50 MHz (MinI 
@ IC = 100 mAde 


• 
OC Current Gain Specified at 0.2. 1.0, 2.0 and 4.0 Adc 


• 
Collector-Emitter 
Saturation Voltage Specified at 0.5, 1.0, 
2.0 and 4.0 Adc 


B07B5 
B07B7 
Rlting 
Svmbol 
B07B6 
B0788 
Unit 


Collector·Emitter 
Voltage 
VCEO 
45 
60 
Vdc 


Collector-Ba 
•• Voltage 
VCBO 
60 
SO 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector 
Current 
Continuous 
IC 
4.0 
Adc 


- 
Peak 
B.O 
Adc 


Base Current 
IB 
1.0 
Adc 


Total Power Dissipation @ TC '"'2SoC 
Po 
15 
Watts 
Derate Above 2SoC 
0.12 
wf'c 


Operating 
and Storage 
Junetten 
TJ' T,tg 
-65 to +150 
°c 
Temperature 
Range 


Cfwr.ct.istic 


Thermal Resistance. Junction to Case 


6 
•....•.• 
I 
I 
......, 
I 
" , 


r--.... 


I'- 


" 
.•....... 


0 


~ 
12 


zo 
;:: 
:=: 
'.0 
ii 
Ci 
ffi 
~ 
4.0 
~ 


.•.~ 
1.2 
.•• 
~ 
'"o 


o.S 
~~ 
~ 
Ciz 


D.4 
~ 


NPN 
BD 785 
BD 787 
PNP 
BD 786 
BD 788 


4 AMPERE 
POWER TRANSISTORS 


COMPLEMENTARY 
SILICON 


45.60VOlTS 
15 WATTS 


10.79 
11.04 


---+ 


~ 


050 
15.36 
066 
1663 


STYLE 
1 
I 


PIN 
I 
EMITTER 
- 
- 
- 
.1 


2 
COLLECTOR 
II~L 
3 SASE -1- _0.:~36T.P. 


~ 
0.89 
0.63 
1.14 
2.41 


~ 


2 
3 
f=1.39 
£2.66 


F, 


HEAT SINK 
30 


CONTACT 
AREA 
~ 
TYP 


(BOTTOM) 


IIludbtndl"QlsreQlllftd.useSUllabllcl,mpsofol!'ler 
sUPPCJ'ls 


between It~nSlS'or cue 
and POInt01bend 


Alldllnens,onslflm,U'm,'ws 


NPN.80785,80787 
PNP • 80786,80788 


·ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C 
unless otherwise 
noted.l 


Chlr.ct.istic 
Symbol 


Collector-Emitter 
Sustaining Voltage (1) 
VCEO(sus) 
Vdc 


(lC· 
10 mAde. 
IB = 01 
B0785, 
B07B6 
" 


45 
- 
B0787. 
B07B8 
60 
- 


Collector 
Cutoff 
Current 
ICEO 
,.Ade 


(VCE 
= 20 Vde, IB = 01 
B0785. 
B0786 
- 
100 


IVCE 
= 30 Vde, IB = 01 
B0787. 
B0788 
- 
100 


Collector 
Cutoff 
Current 
'CEX 
IVCE 
= 60 Vde. VBE(olll 
B0785. 
B0786 
- 
1.Q 
,.Ade 


= 1.5 Vdel 


(VCE 
= 80 Vde. VBE(off) 
B0787, 
B0788 
- 
1.0 
= 1.5 Vdel 


(VCE 
= 30 Vde. VBE&Off) 
B0785, 
B0786 
- 
0.1 
mAde 
= 1.5 Vde, TC = 125 
CI 


(VCE 
= 40 Vde, VBEloff) 
B0787. 
B07B8 
- 
0.1 
= 1.5 Vde, TC = 125°C 


Emitter 
Cutoff 
Current 
lEBO 
- 
1.0 
,.Ade 


(VcB 
= 6.0 Vde. 
IC = 01 


DC Current 
Gain 
hFE 
- 


(IC = 200 mAde, 
VCE = 3.0 Vdel 
40 
250 


(lC = HI Ade. 
VCE = 3.0 Vdel 
25 
- 
(lC = 2.0 Ade, 
VCE = 3.0 Vdel 
20 
- 


(IC = 4.0 Ade, 
VCE = 3.0 Vde) 
5.0 
- 


Collector-Emitter 
Saturation 
Voltage 
VCElsatl 
Vde 
(lC· 
500 mAde. 
I B = 50 mAde) 
- 
0.4 
(lC= 
1.0Ade,IB 
= 100mAdei 
- 
0.6 
(lC = 2.0 Ade. 
18 = 200 mAdel 
- 
0.8 


(lC = 4.0 Ade, 
I B = 800 mAde) 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBElsatl 
- 
2.0 
Vde 
(lC = 2.0 Ade, 
I B = 200 mAde) 


Base-Emitter 
on Voltage 
VBE(onl 
- 
1.8 
Vde 
(lC = 2.0 Adc, 
VCE = 3.0 Vdel 


Current-Gain 
- 
Bandwidth 
Product 
fT 
50 
- 
MHz 
(lc 
= 100 mAde, 
VCE = 10 Vde, I = 10 MHz) 


Output 
Capacitance 
Cob 
pF 
IVCB 
= 10 Vde, 
IC = 0) 
B0785, 
B0787 
- 
50 
I· 
0.1 MHzl 
B0786. 
B07B8 
- 
70 


Small·Signal Current 
Gain 
Ihle 
10 
- 
- 
(lC' 
200 mAde. 
VCE = 10 Vde, 1= 1.0 kHz) 


-Indicates 
JEDEC 
Registered 
Data. 


(11 Pulse Test: 
Pulse Width';; 
300 ,.s, Duty 
Cycle';; 
2.0% 


tr.tf~10ns 
DUTY CYCLE· 1.0% 
-4 V 


RBandRCVARIED TO OBTAINDESIREDCURRENTLEVELS 


01 MUSTBEfAST RECOVERYTYPE,.g: 
MB05300USEDABOVE'B .100 mA 
MS06100USEDBELOW'B =100 mA 


fOR PNPTESTCIRCUIT,REVERSEALL POLARITIES 


500 


300 


100 


100 
- 
70 
w 
'" 
50 
;:: 


30 


10 


VCC· 30 V_ - 
ICIIB·'0 
TJ" 150C- - 
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II " 


"<::: 
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5.0V'. '- 
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;--.. 
I III/ 
I 
--- 
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BD181,188lPNPl, 


10 


7.0 


5.0 
0.04 
0.06 
0.1 


NPN 
PNP 
• 80785,80787 
• 80786,80788 


uz 
~ 
~ 
0.3 
~c 
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~~ 
"'~ 
~~ 
0.1 
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~ 
: 
0.03 


I- 
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~ 
D' 0.5 
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I-- 
-02 
-"",,,,, 
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-~ 
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RSJClt)·,II)RSJC-f-- 
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O.~ 
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P 
- 
ROJC' 8.34oCIWM,x -f-- 


1••1 
I 
I I I III 
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=0 
CURVESAPPLYFOR POWER=: 


~I-:- 
I 
-PULSE 
TRAINSHOWN 
- 


--=~~02 


lJ 
12 __ 
=REAO 
TIME tA\'l 


f--- 
001 


TJt) ITICjlPt)IRtCltl 
f--- 
p'ISINdLE PULSE) 
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0 
= '1 '12 
- 
f-- 
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5.0 
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'"~ 20 
5 
I- 
Z 
1.0 


'" 
~ 
0.5 
'" 
~ 
02 
= 
0.1 
o90.05 


0.02 


0.01 


1.0 


III 
VC~· 3~ v- I-- 


IC/18' 
10 
_ 
Is 
'81'182 
:: 1= 


TJ '250C= ~ 
I-- 


r••.. 
'" 


If 
..... 
~ 


--- 
80185,181 
(NPNI 
-- 
8D186, ~ae(PNPl 


1000 


700 


500 
! 300 
w 
200 
~ 
;:: 


100 


70 


50 


30 


20 
0.04 
0.06 
0.1 


There 
are 
two 
I,mltatlons 
on 
the 
power 
handling 
ability 
of 
a 
tranSistOr 
average 
Junction 
temperature 
and 
second 
breakdown 


Safe operating area curves Indicate 
IC,VCE limits of the tranSistor 
that 
must 
be observed 
tor 
reliable 
operatIon, 
I e., the 
tranSistor 


must 
not 
be subjected 
to greater 
dISSipation 
than 
the curves 
Indicate. 


The data 
of F 'gure 5 IS based 
on T·J(Pk I =: 150°C; 
TC IS vaflable 
dependmg 
on conditions 
Second 
breakdown 
pulse 
limits 
are valid 


for 
duty 
cycles 
to 
10% prOVided 
T Jtpkl 
~ 
1500C. 
T Jlpkl 
may 
be 


calculated 
from 
the 
data 
In FIgure 
4 
An high 
case temperatures, 


therm.al 
limitations 
will 
reduce 
the 
power 
that 
can 
be handled 
to 


values 
less 
th~n 
the 
IImltalions 
Imposed 
by 
second 
breakdown. 
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FIGURE 9 - 
"ON" 
VOL TAGES 
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® MOTOROLA 


NPN SILICON ANNULAR • 
HIGH VOLTAGE AMPLIFER TRANSISTORS 


• 
High Collector-Emitter 
Breakdown 
Voltage - 


BVCEO = 250 Vdc (min) 
@ IC = 1.0 mAdc - 
BF468 


• 
Low Collector-Emitter 
Saturation 
Voltage - 
VCE(sat) = 1.5 Vdc (max) 
@ IC = 200 mAdc 


• 
Duowatt 
Package - 
2 Watts Free Air Dissipation 
@ TA = 25°C 


MAXIMUM RATINGS 


Rating 
Symbol 
BF4M 
I 
BF461 
I 
BF461 
Unit 


Collector-Emitter 
Voltage 
VCEO 
150 
I 
2001 
250 
Vdc 


Collector-Base Voltage 
VCBO 
150 
I 
200 
I 
250 
Vdc 


Emitter-Base Voltage 
VEBO 
5 
Vdc 


Collector 
Current 
Continuous 
'C 
1 
Adc 
Peak 
2 


Base Current 
'B 
300 
mAde 


Total Power DissipatIon @ TA " 25°C 
Po 
2.0 
Watts 


Derate above 
25°C 
16 
mW/oC 


Total Power 
Dlsslpatlon@Tc 
- 25°C 
Po 
10 
Watts 


Derate above 
2SoC 
80 
mW/oC 


Operating and Storage Junction 
TJ.Tstg 
-55to+'50- 
°c 
Temperature 
Ranae 


Solder TemperaJure. 1116" from Case 
~60 
°c 


for 
10 Seconds 


THERMAL 
CHARACTERISTICS 


Characteristic 
Svmbol I 
M•• 
Unit 


Thermal Resistance. Junction to Ambient 
.- I 
ROJA 
I 
625 
°C/W 


Thermal 
Resistance. 
Junction 
to Case 
I 
ROJC 
I 
125 
°CIW 


BF466 
BF467 
BF468 


NPN SILICON 
AMPLIFIER TRANSISTORS 


STYI 
E I 
PIN 
1 
EMITTER 
2 BASE 
3 COllECTOR 
4 
COLLECTOR 


MIlliMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
21.B4 
2235 
o B60 
O.BBO 


~ 
9.91 
10,41 
0.390 
0.410 
C 
4.39 
465 
0.-173 
0.IB3 
0 
058 
0./4 
0.023 
0.029 
f 
356 
4.06 
0.140 
0.160 


G 
2.41 
2.67 
0.095 
0.105 
H 
1.10 
1.96 
0.067 
0.07.7 


J 
0.48 
0.66 
0.019 
0.026 


K 
12.19 
12.95 
0.480 
0.510 
l 
1.65 
2.03 
0.065 
0.080 
N 
991 
10.16 
0390 
0.400 
Q 
3.56 
3.Bl 
0.140 
0.150 
R 
1.07 
1. 
0.042 
0.0 
T 
7.87 
9.14 
0.310 
0.360 


ELECTRICAL 
CHARACTERISTICS 
(T A • 25"<: 
unle •• otherwise 
noted.! 
I 
Chllrectwistic 
I 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter 
Breakdown Voltage 
BVceo 
Vde 


(lC' 
1.0 mAde. 'B • 01 
BF466 
150 
- 


BF467 
200 
- 
BF466 
250 
- 


Collector·Base 
Breakdown 
Voltage 
BVCBO 
Vde 


(lC • l00~Ade. 
'e • 01 
BF466 
150 
- 


BF467 
200 
- 


BF466 
250 
- 


Emitter·Base 
Breakdown 
Voltage 
BVeBO 
5 
Vde 


(Ie' 
100 ~Ade. Ic • 0) 


Collector 
CutOff 
Current 
'CBO 
",Ade 
i 
(VCB - 
100. Vde. 'e - 
0) 
BF466 
- 
I 


0.1 
I 
; 


(VCB - 
150. Vde. Ie - 
0) 
BF467 
- 
0.' 
.1 
(VCB - 
200. Vde. Ie - 
01 
BF468 
- 
I 
01 
I 
1IAacl 
Emitter 
Cutoff 
Current 
'EBO 
01 
I 


(V" = 4 Vdc. Ie = 0) 
I 
I 


DC Current 
Gain 
hFe 
.. 
. 


(Ie = 10 mA. Va = 10 Vdc) 
40 
- 


(Ie = 100 m••••Va = 10 Vdc) 
40 


, 


Collector-Emitter 
SaturatIon 
Voltage 
VCElsatl 
Vde 
- 
I 


(Ie:; 
200 'mAde, 
'. 
:; 
20 mAde) 
- 
1.5 
! 


Base-Emitter 
On 
Voltage 
VSElonl 
1 
Vde 


(Ie = 200 mA. Ve, = 1 Vde) 


Current-Gain 
- 
BandWIdth 
PrQduct 
IT 
100 
MHz 
! 


(Ie = 50 mA. Ve, = 20 Vde. f = 20 MHz) 
! 


Collector 
output 
capacitance 
Cob 
. 
12 
pF 
(Ve• = 10 Vdc. I, = O. f = 0.1 MHz) 


Input 
C~pacltance 
C,b 
- 
110 
pF 
(V" = 0.5 Vde. Ie = O. , = 0.' MHz) 


There 
are 
two 
limitations 
on 
the 
power 
handling 
abIlity 
of 
a 


transistor: 
average 
jUl"lctlon 
temperalure 
and 
second 
breakdown 


Safe 
operating 
area 
curves 
Indicate 
IC·VCE 
limits 
of 
the 
transistor 


that 
must 
be 
observed 
for 
reliable 
operation; 
i.e., 
rhe 
tranSistor 


must 
not be subjected 
to greater 
dIssipation 
than 
the curves 
indIcate. 


The 
data 
of Figure 
1 IS based 
on T J{pkJ 
:: 150°C; 
T Cis ..•.ariab!e 


depend.ng 
on conditiOns. 
Second 
breakdOV\ln 
pulse 
limIts 
are valid 


for 
duty 
cycles 
to 
10% 
prOVIded 
TJlpk) 
~ 
1500C. 
TJ(PkJ 
may 
be 


calculated 
from 
the 
data 
in Figure 
6. 
At 
high 
case 
temperatures, 


thermal 
limItations 
Will 
reduce 
the 
power 
that 
can 
be handled 
to 


values 
less 
than 
the 
limitations 
imposed 
by 
second 
breakdOW'n. 


{See AN·4' 
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FIGURE 4 - COLLECTOR SATURATION 
REGION 
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FIGURE 5 - TEMPERATURE COEFFICIENTS 
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The 
BU323, 
BU323A 
are 
monolithic 
darlington 
transistors 
designed for 
automotive 
ignition, 
switching 
regulator 
and motor 
control applications. 


POWER 
TRANSISTORS 
DARLINGTON 
NPN SILICON 


• VCE Sat Specified at -400C 
2 V Max. at 
Cotlec., 


IC = 6 A. 
• 550 mJ Energy Capability 


~ 


Tested in Automotive 
Ignition 
Circuit. 
• Photog lass Passivation for 
Reliability and Stability. 
lmlu- 


Rating 
Symbol 
BU323 
BU323A 
Unit 


Collector-Emitter 
Voltage 
VCEO(,u,) 
350 
400 
Vdc 


Collector-Base 
Voltage 
VCBO 
500 
600 
Vdc 


Emitter-Base 
Voltage 
VEBO 
8 
8 
Vdc 


Collector Current - Continuous 
IC 
10 
10 
Adc 
Peak (1) 
16 
16 


Base Current 
- 
Continuous 
IB 
3 
3 
Adc 


Total Power Dissipation@Tc 
= 25°C 
Po 
175 
175 
Watts 


@TC: 
100°C 
100 
100 
Watts 


Derate 
above 
25°C 
1 
1 
wtOc 


Operating and Storage Junction 
TJ' T,tg 
-65 
to +200 
°c 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
Junction 
to Case 
ROJC 
1 
°CIW 


Maximum 
Lead Temperature for Soldering 
TL 
275 
°c 
Purposes: 
lIS" 
from 
Case for 5 Seconds 


(1) Pulse Test: 
Pulse Width 
- 5 rns, Duty Cycle"';; 
10%. 


NOTES 


I. 
DIMENSIONS 
0 AND 
VARE 
DATUMS. 


2. W 
IS SEATING 
PLANE 
AND 
DATUM. 


3. POSITIONAL 
TOLERANCE 
FDA 
MOUNTING 
HOLE a 


1.111310005l0I'lv0\ 


FOR lEADS' 
1.111310005l0,lv0100\ 


•. 
DIMENSIONS 
ANO 
TOLERANCES 
PER 


ANSIV14.5,1973 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
noted) 


Cher_ristle 
I 
I 
Symbol 


OFF CHARACTERISTICS' 


Collector-Emitter 
Sustaining Voltage 
(Figure 11 
VCEO(.u.) 
Vde 


L = 10 mH 
BU323 
350 


(lC = 200 mAde, IB - 0, Vel amp - Rated VCEO) 
BU323A 
400 


Collector-Emitter 
sustaining Voltage 
(Figure 11 
VCER(.u.) 
Vde 
(lC - 3 A, RBE - 100 Ohms, L = 500 j.lH) 
BU323 
400 


Unclamped 
BU323A 
475 


Collector 
Cutoff 
Current 
ICER 
mAde 


(Rated VCER, RBE..- 100 Ohm.) 
1 


Collector 
Cutoff 
Current 
leBO 
mAde 


(Rated VCBO, IE - 0) 
1 


Emitter 
Cutoff 
Current 
lEBO 
mAde 
(VEB = 6 Vde, IC - 0) 
40 


DC Current 
Gain 
hFE 
(lC - 3 Ade, VCE = 6 Vde) 
300 
550 
(lC = 6 Ade, VCE = 6 Vde) 
150 
350 
2000 
(lC = 10 Ade, VCE = 6 Vde) 
50 
150 


Collector-Emitter 
Saturation 
Voltage 
VCE( •• t) 
Vde 
(lC = 3 Ade IB = 60 mAde) 
1.5 


(lC - 6 Ade, IB = 120 mAde) 
1.7 
(lC - 10 Ade, IB = 300 mAde) 
2.7 
(Ie - 6 Ade, IB - 120 mAde, TC = -40°C) 
2.0 


Base· Emitter 
Saturation 
Voltage 
VBE( •• t) 
Vde 
(lC - 6 Ade, IB = 120 mAde) 
2.2 


(lC = 10 Ade, IB = 300 mAde) 
3 
(lC - 6 Ade, IB - 120 mAde, TC = -40°C) 
2.4 


8ase-Emitter 
On Voltage 
VBE(on) 
Vde 
(lC = 10 Ade, VCE - 6 Vde) 
2.5 


Diode Forward 
Voltage 
Vf 
Vde 
(IF - 10 Ade) 
2 
3.5 


Output 
Capacitance 


(VCB = 10 Vde, IE - 0, ftest = 100 kHz) 


SWITCHING 
CHARACTERISTICS 


(VCC = 12 Vde, 
IC - 6 Ade, 
IBI 
= IB2 = 0.3 Ade) Fig. 2 


FUNCTIONAL 
TESTS 


Second Breakdown 
Collector 
Current with 
IS/B 
Base-Forward 
Biased 
See Figure 10 


Pulsed Energy Test (See Figure 121 
!Qb. 
550 
'mJ 
2 


Pul.e Test: Pul.e Width - 300 /.IS, Duty Cycle = 2%. 


FIGURE 
1 - 
SUSTAINING 
VOLTAGE 
TEST CIRCUIT 
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There 
are two limitations 
on the power 
handling 
ability 
of a transistor: average junction temperature an'd second 
breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 
limits 
of the 
transistor 
that 
must 
be observed 
for reliable 
operation; i.e., the transistor must not be subjected to 
greater 
dissipation 
than the curves 
indicate. 


The 
data of Figure 
10 is based 
on TC = 250C; TJ(pk) 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 
pulse 
limits 
are valid for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ;;. 250C. 
Second 
breakdown 
limitations 
do 
not 
derate 
the 
same as thermal 
limitations. 
Allowable 
current 
at the voltages 
shown 
on Figure 
10 may be found 
at any 
case temperature 
by using the appropriate 
curve on 
Figure 
11. 
TJ(pk) 
may 
be calculated 
from 
the 
data 
in Figure 
11. 
, 


At high case temperatures, 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


IndutllVtlOid 
------ 


<1 
11 mH 


rl."Jl 
0Y!U LJ L 
i. 
50m'.1 


VZ-350VIBU323} 


400 v (BUl23A) 
Illz"2(JmA 


® MOTOROLA 


HIGH VOLTAGE 
NPN SILICON 
TRANSISTOR 


designed for use in the switched 
mode power supply and 
television 
horizontal 
deflection. 


• 
High Collector-Emitter 
Voltage 
VCES = 400 V. 330 V 


• 
Collector 
Current 
IC = 7 Adc 


• 
Low Collector 
Emitter 
Saturation 
Voltage 
VCE(sat) 
= 1 Vdc. @IC = 5 A. IS = 0.5 A 


• 
Fall Time 
@IC = 5 A. IS (end) = 0.5 A. VCC = 40 V 
tf = 0.75 j/.S (max.) 


• 
TO-66 
lead form 
also available ordered with" 
-66" 
suffix 


Rating 
Symbol 
bU406 
BU407 
Unit 


Collector-Emitter 
Voltage 
VCEO 
200 
150 
Vdc 


Collector-Emitter 
Voltage 
VBE = 0 
VCES 
400 
330 
Vdc 


Emitter-Base 
Voltage 
VEB 
6.0 
Vdc 


Collector Current - Continuous 
IC 
7.0 
Adc 


- 
Peak 
15.0 


Base Current 
IB 
4.0 
Adc 


Total 
Device 
Dissipation 
@ T C = 25°C 
Po 
60 
Watts' 


Derate 
above 
250C 
0.48 
W/oC 


Operating 
and Storage 
Junction 
TJ. TS19 
°c 
Temperature: 
Range 
-55 
to;5O 


Ch.raeterittics 
Symbol 
Mox 
Unit 


Thermal Resistance, Junction to Case 
ROJC 
2.08 
°C/W 


Thermal 
Resistance,Junction 
to Ambient 
ROJA 
70 
°C/W 


T. 
TC 


4 80 


"'" 
"- 


"'" 
I'-.. 


......... 


..•.....•..••.. 
..•.... 


"" 
.••..•......... 
'" f'-...Tc 
T. 
~ 
-....... 
~ 
~ 


zo 
~ 
~ 
240 
o~~ 
~ 
120 
~ 


40 
60 
80 
100 
110 


TC CASE TEMPERATURE rCI 


BU406 
BU407 


NPN SILICON 
POWER TRANSISTOR 


+-1 
-.;0- 


I 
.d· 


K i'~ 
L 
; ~J~~""U 
oJt'lf 


N 


' 
t' 
~' 


STYLE 1 


PIN I 
8ASE 
1 
COLLECTOR 
3. 
EMITTER 
4 
COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
1\11 
1\.7\ 
0\9\ 
0.610 
8 
9.78 
10.03 
0.38\ 
0.39\ 
C 
406 
4.81 
0.160 
0.190 
0 
0.64 
0.89 
0.01\ 
0.03\ 
F 
3.61 
3.13 
0.141 
0.147 


G 
1.41 
1.61 
0.09\ 
0.10\ 
H 
1.19 
3.30 
0.110 
0.130 
J 
0.36 
0.\6 
0.014 
0.011 
K 
11.70 
14.11 
O.!iOO 
0.161 
L 
1.14 
1.11 
O.~\ 
0.010 
N 
4.83 
\.33 
0.190 
0.110 
Q 
1.54 
3~ 
0.100 
0.110 
R 
1.04 
1.79 
0.080 
0.110 
S 
1.14 
1.39 
O.~\ 
0.055 
T 
\.91 
6.48 
0.13\ 
0.15~ 
U 
0.76 
1.17 
0.030 
0.010 


CASE 221A-D2 


TO·220AB 


Collector-Emitter 
Breakdown Voltage (1) 
VCEO 
Vdc 
IIC= 
100mAI 
BU406 
200 
BU407 
150 


Collector Cutoff Current 
ICES 
mAdc 


V CES = 400 Vdc 
BU406 
5 


VCES = 250 Vdc 
BU406 
0.1 
VCES = 250 Vdc, Tc = 150°C 
BU406 
1 


VCES = 330 Vdc 
BU407 
5 


V CES = 200 Vdc 
BU407 
0.1 


VCES = 200 Vdc, Tc = 1500C 
BU407 
1 


Emitter Cutoff Current 
lEBO 
mAdc 


IVEB = 
6 Vdc, IC = OJ 
1 


Collector-Emitter 
Saturation Voltage 
VCElsatl 
Vdc 
(lC = 
5 Adc, IB = 0.5 Adcl 
- 
1.0 


Base-Emitter Saturation Voltage 
VBE(satl 
Vdi: 


(lC = 
5 Adc, IB = 0.5 Adcl 
- 
1.2 
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® MOTOROLA 


Power Transistor 
mainly 
intended 
for use as ignition 
circuit 
output 


transistor. 


• 
Specified 
minimum 
sustaining voltage: 


VCER(sus) 
= 350 V (BU522) 
at IC = 1 A 
400 V (BU522A) 
425 V (BU522B) 


• 
High S.D.A. capability: 
VCE = 350 V (BU522) 
at IC = 5 A 
400 V (BU522A. 
BU522B) 


• 
Low VCE(sat) 
= 2.0 V max. at IC 


Rating 
Symbol 
BU522 
BU522A 
BU522B 
Unit 


Collector·Emitter 
Voltage 
5ust. 
VCER(su,) 
350 
400 
425 
Vdc 


Collector-Emitter 
Voltage 
VCER 
375 
425 
450 
Vdc 


Collector-Base 
Voltage 
VCBO 
400 
450 
475 
Vdc 


Emitter-Base 
Voltage 
VEBO 
5.0 
Vdc 


Collector Current - Continuous 
IC 
7.0 
Adc 


Base Current 
'B 
2.0 
Adc 


Total 
Device Dissipation 
PD 
Watts 


@TC=250C 
75 
Derate 
above 
250C 
0.60 
W/oC 


Operating and Storage Junction 
TJ. TstQ 
°c 


Temperature 
Range 
-65 
to 150 


100 


~ 
7S 
z 
0 
~ 
Bi 
50 


0~ 
~ 
25 


~ 


'"" 


'"" , 


'"" 
"- , 


BU522 
BU522A 
BU522B 


7 AMPERES 


DARLINGTON 
TRIPLE 
DIFFUSED 
POWER TRANSISTORS 
NPN SILICON 


-,0- 
1.-,. 
,'" 
JSECTAA 
Itlr[ 
0-1 
I 


-N- 


-J :.:-. A 


---II_J 


STVLE 
1 
PIN 
1 
BASE 


2 
COLLECTOR 


3 
EMInER 
• 
COLLECTOR 


MILLIMETERS 
'NCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
1\11 
1\7\ 
0\9\ 
0610 
1 
978 
10.03 
0.38\ 
0.39\ 
C 
'.06 
481 
0160 
0.190 


t-!1- 
06' 
0.19 
001\ 
0.03\ 
F 
361 
3.73 
0."1 
0.147 


G 
141 
167 
0.09\ 
0.105 


~ 
1.79 
3.30 
0110 
0.130 
J 
0.36 
0.\6 
0.01' 
0.011 
K 
'1.70 
1417 
0.500 
0.161 
L 
,.. 
1.17 
004\ 
0.050 
N 
.83 
\ 33 
0.19C 
0.110 
Q 
1.54 
304 
o 1DO 0.110 
R 
1.04 
1.79 
0.080 
0.110 
S 
1.14 
1.39 
0.045 
0.055 
T 
\97 
6.'8 
0.135 
0.15~ 
U 
0.76 
LV 
0.030 
0.050 


Collector-Emitter 
Sustaining Voltage 
(See Figure 2) 
VCER(,u,) 
Vde 
lIc 
= 1.0 AI 
See Figure 2 
BU522 
350 
BU522A 
400 
BU522B 
425 


Collector 
Cutoff 
Current 
ICER 
mAde 


(Rated VCER, RBE = 270 n) 
1.0 


Collector 
Cutoff 
Current 
ICBO 
mAdc 
(Rated VCBO, IE = 0) 
1.0 


Emitter 
Cutoff 
Current 
lEBO 
mAdc 


(VEB =5.oVde,'C 
= 0) 
40 


DC Current 
Gain 
hFE 
- 
(lC = 2.5 Ade, VCE = 
5, Vdel 
250 


Collector-Emitter 
Saturation 
Voltage 
BU522 
VCE(satl 
2.5 
Vde 
lIc 
= 4 Ade, IB = BOmAde) 
BU522A, BU522B 
2 


Base-Emitter 
Saturation 
Voltage 
VBE(,atl 
Vde 
lIc 
= 4 Ade, IB = BOmAdel 
2.5 


Current 
Gain - 
Bandwidth 
Product 
IT 
MHz 
lIc 
= 0.3' 
mAde, VCE = 5.0 Vde, fte't 
= 
1.0 MHz) 
7.5 


Output 
Capacitance 
I 
Cob 
pF 
(VCB = 10 
Vde, IE =0, 
f = 0.1 MHz 
150 


{ 


'UA 


INOUCfI\l1 
lOAO 
i-I'" 


YOtTAGf 


.•• ou 
eVeIRI ••• I' 
c.••• un 
.•••• 
acl 
--, 
I 
I 
I 
_-.J 


11 to be selected that Ie reaches 3 Adc before sWitch-off 


Case temperature 
of the power transistor: 
T C _ 
25°C 


I· 
- 
+ 
, + . 
't-- 
- 
ol-L 
__.L 


Q 
1'. 
200 


Clamping device characteristics: 
V 
_ 
350 V (BU522) 
+ 
z - 
400 V (BU522A/B) 
- 
1% at IZ = 20 mA 


Clamping duration is around 45/lsec 
(BU522) 
40/lsec 
. (BU522A/B) 


t2 to be selected that IL reaches 
5 Adc before switch-off 


Case temperature of the power 
transistor: TC = 250C. 


@ MOTOROLA 


SWITCHMODE 
11&SERIES 
NPN SILICON 
POWER TRANSISTORS 


The BUS36 and BUS37 transistors 
are designed for low voltage, 
high speed, power switching in inductive and resistive circuits where 
turn-off 
times are critical. They are particularly 
suited for battery- 


operated Switchmode applications and driver applications such as : 


• 
Switching Regulator~ 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Motor Controls 


Fast Turn-Off Times 
60 ns Inductive Fall Time - 25°C (Typ) 
110 ns Inductive Crossover Time - 25°C (Typ) 


Operating Temperature 
Range - 65 to + 175°C 


100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times w'ith Inductive Loads 
Saturation Voltages 
Leakage Currents (125°C) 


Rating 
Symbol 
BUS36 
I BUS37 
Unit 


Collector-Emitter 
Voltage 
VCEOlsusl 
120 
150 
Vdc 


Collector· 
Emitter 
Voltage 
VCEV 
250 
300 
Vdc 


Emitter 
Base Voltage 
VEB 
8 
Vdc 


Collector 
Current 
Continuous 
IC 
12 
Adc 
- 
Peak(1) 
25 
Overload 
ICM 
40 


Base Current 
- 
Continuous 
IB 
7 
Adc 


- 
Peakll) 
IBM 
15 


Total 
Power Dissipation 
- 
TC = 25°C 
Po 
107 
Watts 


- 
TC = 100°C 
53 
Derate aboye 25°C 
0.71 
W/oC 


Operating 
and Storage 
Junction 
TJ. Tstg 
°c 


Temperature 
Range 
- 65 to + 175 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
RgJC 
1.4 
°C/W 


Junction 
to Case 


Maximum 
Lead Temperature 
TL 
275 
°c 
for Soldering 
Purposes: 


1/8" 
from 
Case for 
5 Seconds 


BUS 36 
BUS 37 


NPN SILICON 
POWER TRANSISTORS 


120& 150 VOLTS 


107 WATTS 


Designer's 
Data for 
"Worst 
Case" 
Conditions 


The Designers 
.•••.Data 
Sheet 
permits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 


"worst 
case" 
design. 
I~ 
I 


MILLIMETERS 


DIM 
MIN 
M •••• 


A 
IS.II 
lS.7S 
• 
9.6 
10.Z9 
C 
4.06 
4.82 
D 
0.64 
0.89 
f 
3.61 
3.13 


G 
2.41 
2.61 
H 
2.19 
3.30 


J 
0.36 
0.56 
II: 
12.7014.27 
L 
1.14 
1.27 
N 
U3 
5'.33 
Q 
2.504 
3.04 


A 
2.04 
2.19 
S 
1.14 
1.J 
T 
s.97 
ua 
U 
0.76 
1.27 
114 


Collector-Emitter 
Sustaining Voltage 
(Table 
1) 
VCEO(sus) 
Vde 


(lC =50 
mA, IB =0)' 
L=25 
mH 
BUS36 
120 
- 
BUS37 
150 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 


(VCEV = Rated Value, VBE(off) 
= 1.5 Vde) 
- 
- 
0.1 
(VCEV = Rated Value, VBE(off) 
= 1.5 Vde, TC = 125°C) 
- 
- 
1.0 


Collector 
Cutoff 
Current 
ICED 
mAdc 


BUS36 : VCE=60V 
- 
- 
0.05 
BUS37 :VCE=75V 
- 
- 
0.05 


Emitter 
Cutoff 
Current 
lEBO 
mAdc 


(VEB =6 
Vde, IC=O) 
0.1 


Emitter-base 
breakdown 
Voltage 
BVEBO 
Vde 
(IE=50mA-lc=0) 
8.0 


See Figure 12 


See Figure 13 


DC Current 
Gain 
.hFE 
- 
(lc = 10 Ade, VCE =2 
Vde) 
30 
- 
- 
(lC=0.5 
Amp, VCE =2 
V) 
50 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
Vde 
(lc = 12 Amp, IB = 1.2 Amp) 
- 
- 
0.8 
(lC = 12 Amp, IB = 1.2 Amp. Te = 100°C) 
- 
- 
1.0 


Base-Emitter 
Saturation 
Voltage 
VBElsatl 
Vde 
(lC= 
12 Amp, IB = 1.2 Amp) 
- 
- 
1.8 


(lC = 12 Amp, IB = 1.2 Amp, Te = 100°C) 
- 
- 
1.8 


Output 
Capacitance 
Cob 
pF 
(VC8 = 10 Vde, IE =0, 
ftest = 100 khz) 
- 
- 
300 


Current 
Gain - 
Bandwidth 
Product 
(2) 
IT 
MHz 
(lC = 1.0 Ade, VCE = 10 Vde, ftest = 1.0 MHz 
30 
- 
- 


Delay Time 
td 
- 
0.07 
0.15 
I'S 


Rise Time 
(VCC = 
100 Vde, IC = 
12 A, 
t, 
- 
0.15 
0.3 
IBI = 
1.2 
A, tp = 30 p.s, 
Storage Time 
Duty Cycle :$ 2%, 
VBE(off) 
= 5 VI 
ts 
- 
0.5 
1.0 


Fall Time 
tf 
- 
0.12 
0.25 


Storage Time 
(TC = 25°C) 
tsv 
- 
0.5 
- 
I'S 


Fall Time 
(IC(pkl = 
12 A, 


IBI 
1.2 
A, 
tfi 
- 
0.06 
- 


Storage Time 
VBE(offl 
= 5 V, 
(TC=loooC) 
tsv 
- 
0.6 
1.0 


Fall Time 
VCE(el) 
= 
100 VI 
tfi 
- 
0.15 
0.30 


z 
40 
~ 
•... 
20 
~ 
B 
10 


'-' 
ci 


--t-. 


•..... 


~-100°C 
TJ - 
25°C 
-...::: " 


VCE - 
5 V 


3 
5 
8 
10 
20 


IC' 
COllECTOR 
CURRENT 
IAMPSI 


I- 
fJf 
10 
l- 


V 


V 
_V 


.,// 


~~ 
~~~ 0,7 
~ 0,5 
~I 


0,3 


0,' 
~ 


« 
.:; 
103 
•... 
~ 
~ 
102 
~ 
c 
t; 
101 


c'-' 
!d> 
100 


-u 
0 
U 
M 


VBE, 
BASE·EMITTER 
VOLTAGE 
IVOLTSI 


" 


\ 
\ 
\ 


\IC 
- 
5~ 
7.5 A 
lOA 
\ 
15 A 


f- 


...••..•. 
r---..-r- 


TC - 
25°C 
- 


~ 
« 
~~ 
•... 
•... 
:;; 
e 0.5 


~ 
03 


~O.l 
0.1 
0.3 
0.5 
1 


IB, 
BASE 
CURRENT 
IAMPSI 


~ 
~ 
'" 
;::: 
~~ 0.7 
•... 
•... 


0.5 
~ 
~ 
0.3 


~ 


Pt.- 5 


-:::: 
TJ - 
25°C 


TJ - 
100°C 


0.1 
03 
1 
3 
10 


IC' 
COLLECTOR 
CURRENT 
IAMPSI 


, FIGURE 6 - 
CAPACITANCE 


10k 


Cib 


~ 
lk 
'-'z~ 
'-'~ 
Cob 
~ 
100 
<oS 


10 
TJ - 
25°C 


10 
100 
1000 


VR, REVERSE 
VOLTAGE 
(VOLTSI 


°=~351f 
P 


02"F 
'.0 "F. - 


500 


Adjust 
A 1 to obtain 
Ie 1 


For 
sWitching 
and 
RBSOA' 
A2 = 0 


For 
BVCEO(sus), 
R2 = 
00 


Leo.. 
;80~H 


AeOIl 
005 
H 


VCC'20V 


I Leo" 
J 


.=. VCC· 
ve,! ve"[:: 


~rnp 


T,~. 
I-',~ 


Ten 
E.quipment 


Scope 
- 
TektroniJ\ 
475 or Equiv.'.nt 


IS1 
edjulted 
to 


ablein 
the 
forced 


hF E desired 


TURN 
OFF 
TIME 
Use inductive 
switching 


d" ••••r •• 
the 
input 
10 


the 
r.,isli",. 
ten 
circuit 


Vce =100v 
RL = 83n 
PutseW,dth= 
IO"s 


I 


ilf~10 
f- 
IC=12A 


...... 
V 


..........- ------ 


./ 
// 
/ 


In 
resistive 
switching 
circuits, 
rise, 
fall, 
and 
storage 


times 
have 
been 
defined 
and 
apply 
to 
both 
current 
and 


voltage 
waveforms 
since they 
are 
in 
phase. However. 


for 
inductive 
loads 
which 
are common 
to SWITCHMODE 


power 
supplies 
and 
hammer 
drivers, 
current 
and 
voltage 


waveforms 
a~e not 
in phase. 
Therefore, 
separate 
measure· 


ments 
must 
be 
made 
on 
each 
waveform 
to 
determine 


the 
total 
switching 
time. 
For 
this 
reason, 
the 
following 


new terms 
have been defined, 


tsv = Voltage 
Storage 
Time, 
90% 
IS1 to 
10% Vclamp 
trv = Voltage 
Rise Time, 
10-90% 
Vclamp 
tfi 
= Current 
Fall Time, 
90 -1 0% IC 


tti 
= Current 
Tail, 
10-2% 
IC 


tc 
= Crossover 
Time, 
10% Vclamp 
to 10% Ie 


An enlarged 
portion 
of the inductive 
switching 
waveforms 


is shown 
in Figure 
7 to aid 
in the 
visual 
identity 
of these 


terms. 


For 
the 
designer, 
there 
is 
minimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses 
occur 
during 
the 
crossover 
interval 
and 


can be obtained 
using the standard 
equation 
from 
AN·222: 


PSWT = 1/2 Vcelc(tclf 
In general, 
trv + tfi "" tc' 
However, 
'at 
lower 
test currents 
this relationship 
may 
not 
be valid. 


As is common 
with 
most 
switching 
transistors, 
resistive 


switching 
is specified 
at 
2SoC 
and 
has 
become 
a bench· 


mark 
for 
designers, 
However, 
for 
designers 
of 
high 


frequency 
converter 
circuits, 
the 
user 
oriented 
specifica· 


tions 
which 
make 
this 
a "SWITCH 
MODE" 
transistor 
are 


the 
inductive 
switching 
speeds 
(tc 
and 
tsvl 
which 
are 
guaranteed 
at 1000e. 


~,. 
0,1 
i= 


0,5 


0,3 


0,2 


-131=10 


Te 
lOooe 


I 


TC=250C 


1111 


0,5 


0,3 


0,2 


~ 
0,1 
,. 
0,07 
i= 


0,05 


0,03 


0,02 


I I 
I III 


I' 
, 


~ 


TC=1000C 
- 
------ 


-f-- f- 


Te 
25°C 
- 
f-- I-- 
-f-- f- 


131=10 


ROJc(tl - ROJC _* 
\. 


ROJC 
- 1.40CIW Max 
° CURVES APPLY fOR POWER_ 
" 


PULSE TRA'N SHOWN 
- 
READ 
TIME 
AT 11 
'- 


.O~-:S 
TJ(pkl- 
TC = P(pkl ROJC(t) 
- 


~ 
0.2 


01 
pEfUl 
005 
001 
~~j 
001 


SINGLE 
PULSE 
DUTY CYCLE',O,',i"/t1 


The Safe 
Operating 
Area 
figures 
shown 
in Figures 
12 
and 
13 
are 


specified 
for these 
devices 
under 
the test 
conditions 
shown. 


1 TC-1000C 
- 


tC=12A- 


Toy 


........... 


:-- 
~ 


'.7 


'.S 


~,. 
;:: 
'.3 


'.2 


TC=1000C 


IC=12A 


ilf= 
10 


25 


" 
it',. 
"•.. 
z 
=~ 
u 
= '.S 
c•.. 


c 
,,; 
'.1 


0.05 


0,02 


FORWARD 
BIAS 
There 
are two 
limitations 
on the power 
handling 
ability 


of 
a transistor: 
average 
junction 
temperature 
and 
second 


breakdown. 
Safe 
bperating 
area 
curves 
indicate 
IC-VCE 


limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 


operation; 
i.e .. the 
transistor 
must 
not 
be subjected 
to 


greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of Figure 
12 is based 
on TC = 250C; 
TJ(pkl 


is variable 
depending 
on power 
level. 
Second 
breakdown 


pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ;;. 250C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
Sdme as thermal 
limitations. 
Allowable 


current 
at the 
voltages 
shown 
on Figure 
12 may 
be found 


at 
any 
case 
temperature 
by 
using 
the 
appropriate 
curve 


on Figure 
14. 


TJ(pkl 
may 
be calculated 
from 
the 
data 
in Figure 
11. 


At high 
case 
temperatures. 
thermal 
limitations 
will reduce 


the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 


limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 


For 
inductive 
loads. 
high 
voltage 
and 
high 
current 


must 
be 
sustained 
simultaneously 
during 
turn-off, 
in 


most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 


biased. 
Under 
these 
conditions 
the 
collector 
voltage 


must 
be held 
to a safe level at or below 
a specific 
value 
of 


collector 
current. 
This 
can 
be 
accomplished 
by 
several 


means 
such 
as 
active 
clamping, 
RC snubbing, 
load 
line 


shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 


as 
Reverse 
Bias 
Safe 
Operating 
Area 
and 
represents 
the 


voltage-current 
conditions 
during 
reverse 
biased 
t~rn-off. 
This 
rating 
is verified 
under 
clamped 
conditions 
so that 


the 
device 
is never 
subjected 
to an avalanche 
mode. 
Figure 
13 gives R BSOA characteristics. 


BUS37 


BUS36. 


I 


VSE (off)=5V 
~ 
TC= 100°C , 
Ic/ISI>10 
I---- 


~ 
...•...... 
I 
'" 


...•...... 
, 
•....... 


SECOND 
BREAKDOWN - 
"- 


•.•.•.••....... 
DERATING 


•.•.•.••....... 


"- 
•....... •....•.•.. 


THERMAL 
"" 


DERATING 
""'- 


'" 
'" 


tp"'IOps 


BUS37 


BUS36 
I 


OlSOA 


OlSOA 
applies when maximum 
collector current 
is 
limited 
and known. 
Agood example is a circuit 
where an 
inductor 
is inserted between the transistor 
and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within 
a specified 
amount of time, the magnitude of collector current is also 
known. 


Maximum 
allowable collector-emitter 
voltage versus 
collector 
current 
is plotted 
for several pulse widths (Pulse 
width 
is defined asthe time lagbetween the fault condition 
and the removal of base drive). Storage time of the transis- 
tor has been factored 
into the curve. Therefore, with bus 
voltage and maximum 
collector current known. 
Figure 16 
defines the maximum 
time which can be allowed for fault 
detection and shutdown of basedrive. 


OlSOA 
is measured in a common-base circuit 
(Figure 
18) which 
allows precise definition 
of collector 
emitter voltage and collector 
current. This is the same cir- 
cuit that 
is used to measure forward·bias 
safe operating 


area. 


® MOTOROLA 


SWITCHMODE 
II SERIES 


NPN SILICON 
POWER 
TRANSISTORS 


The BUS 45P transistor is designed for high-voltage, 
high-speed, 


power switching 
in inductive 
circuits 
where fall time is critical. 
It is 


particularly suited for line-operated switchmode 
applications such as: 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid and Relay Drivers 


• 
Motor Controls 


• 
Deflection Circuits 
Fast Turn-Off Times 
100 ns Inductive Fall Time-25°C 
(Typ) 
150 ns Inductive 
Crossover Time-25°C 
(Typ) 
400 
ns Inductive Storage Time-25°C 
(Typ) 


Operating Temperature Range - 65 to + 150°C 


100°C Performance Specified for: 
Reverse-Biased SOA with Inductive 
Loads 
Switching 
Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
BUS 45P 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
Vdc 


Emitter 
Base Voltage 
VES 
6 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
3 
Adc 


- 
Peak(1) 
ICM 
5 


Base Current 
- 
Continuous 
IB 
1.5 
Adc 


- 
Peak(1) 
IBM 
3 


Total 
Power 
Dissipation 
- 
TC = 25°C 
PD 
Watts 


- 
TC = lOO°C 
75 
Derate 
above 25°e 
W/oC 


Operating 
and Storage 
Junction 
TJ' Tstg 
°c 
Temperature 
Range 
-65 
to 
+150 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
RWC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temperature 
TL 
275 
°c 
for Soldering 
Purposes: 
1/8" from 
Case for 
5 Seconds 


BUS 45P 


3 AMPERES 


NPN SILICON 
POWER 
TRANSISTORS 


Designer's 
Oat8 
for 


"Worst 
Case" 
Conditions 


The 
Designers 
Oat8 
Sheet 
permits 
the 


design 
of 
most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 


- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 


"worst 
case" 
design. 


STYLE 1: 


PIN 1. 
BASE 
2. 
COLLECTOR 
3. 
EMITTER 
4. 
COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
15.11 
15.75 
D.595 
0.62D 
B 
9.65 
lD.29 
0.3BO 
0.405 
C 
4.06 
4.82 
0.160 
0.190 
D 
D.64 
0.B9 
0.025 
0.035 
F 
3.61 
3.73 
0.142 
0.147 


G 
2.41 
2.67 
0.095 
0.105 
H 
2.79 
3.3D 
0.110 
0.130 
J 
0.36 
0.56 
0.014 
D.022 
K 
12.70 
14.27 
0.500 
D.562 
L 
1.14 
1.27 
0.045 
0.05D 
N 
4.B3 
5.33 
0.190 
0.21D 
D 
2.54 
3.04 
0.100 
0.120 
R 
2.04 
2.79 
0.08D 
0.110 
S 
1.14 
1.39 
0.045 
D.D55 
T 
5.97 
6.48 
0.235 
D.255 
U 
0.76 
1.27 
0.030 
D.05O 


1.14 
0.045 


ELECTRICAL CHARACTERISTICS 
(TC 


Characteristic 


25°C 
unless 
otherwise 
noted) 


Symbol 


Collector-Emitter 
Sustaining 
Voltage 
ITable 
11 
VCEO(susl 
Vdc 
(lC = 
100 
mA, 
IB = 01 
450 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 
(VCEV = 850 
V, V8E(off) 
= 
1.5 Vde) 
- 
- 
0.5 
(VCEV = 850 
V, VBE(offl 
= 1.5 Vdc, 
TC = 100°C) 
- 
- 
2.5 


Collector 
Cutoff 
Current 
ICER 
- 
- 
3.0 
mAdc 
IVCE = 850 
V, RBE = 500, 
TC = 
100°C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
1.0 
mAde 
(VEB = 6.0 
Vdc, 
IC = 01 


DC Current 
Gain 
hFE 
6 
- 
- 
- 
(lC = 2 Adc, 
VCE = 5.0 
Vde) 


Collector-Emitter 
Saturation 
Voltage 
VCElsat) 
Vde 
(lC = 2 Adc, 
IB = 0.5 
Ade) 
- 
- 
1.0 
(lC = 3 Ade, 
IB = 0.75 
Adcl 
- 
- 
3.0 
(lC = 2 Adc, 
IB = 0.5 
Adc, 
TC = 100°C) 
- 
- 
2.0 


Base-Emitter 
Saturation 
Voltage 
VBElsat} 
Vde 
(lC = 2 Adc, 
IB = 0.5 
Adc) 
- 
- 
1.5 
(lC = 2 Adc, 
IB = 0.5 
Ade, TC = 100°C) 
- 
- 
1.5 


SWITCHING 
CHARACTERISTICS 


Resistive 
Load (Table 
1) 


Delay Time 
td 
- 
0.03 
0.05 
I'S 


Rise Time 
(VCC = 250 
Adc, 
IC = 2 A, 
tr 
- 
0.10 
0.40 


Storage 
Time 
IBI 
= 0.5 
Adc, 
tp = 301's, 
ts 
- 
0.40 
1.50 
Duty Cycle S 2 %, VBEloff) 
= 5.0 Vdel 
0.50 
Fall Time 
tf 
- 
0.175 


Storage 
Time 
tsv 
- 
0.70 
2.0 
I'S 


Crossover 
Time 
(lC(pk) = 2 A, 
ITJ = 100°C) 
te 
- 
0,2B 
0.50 


Fall Time 
IBI 
= 0.5 
Adc, 
tfi 
- 
0.15 
0.35 


Storage 
Time 
VBE(off} 
= 5.0 Vde, 
tsv 
- 
0.40 
- 


Crossover 
Time 
VCE(pkl 
= 250 
V) 
ITJ = 25°C} 
tc 
- 
0,15 
- 


Fall Time 
tfi 
- 
0.10 
- 


II) 
Pulse Test: 
PW = 300 
I'S, Duty Cycle S 2 %. 


Pf = .!f- 


IB 


® MOTOROLA 


SWITCH 
MODE 
II SERIES 


NPN SILICON 
POWER 
TRANSISTORS 


The BUS 46P transistor is designed for high-voltage, 
high-speed, 


power switching 
in inductive 
circuits 
where fall time is critical. 
It is 


particularly suited for line-operated switchmode 
applications such as: 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid and Relay Drivers 


• 
Motor Controls 


• 
Deflection Circuits 
Fast Turn-Off Times 
100 ns Inductive Fall Time-25°C 
(Typ) 
150 ns Inductive Crossover Time-25°C 
(Typ) 
400 
ns Inductive Storage Time- 
25°C (Typ) 


Operating Temperature 
Range - 65 to + 150°C 


100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching 
Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
BUS 46P 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
450 
Vdc 


Collector-Emitter 
Yoltage 
VCEV 
850 
Vdc 


Emitter 
Base Voltage 
VEB 
6 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
5 
Adc 


- 
Peak(1) 
ICM 
8 


Base Current 
'- 
Continuous 
IB 
2 
Adc 


- 
Peak(1) 
IBM 
4 


Total 
Pow,af 
Dissipation 
- 
TC = 25DC 
Po 
Watts 


- 
TC = tOODC 
80 
Derate above 25°C 
W/DC 


Operating 
and Storage 
Junction 
TJ' Tstg 
DC 


Temperature 
Range 
-65 
to 
+150 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
RWC 
1.56 
DC/W 
Junction 
to Case 


Maximum 
Lead Temperature 
TL 
275 
DC 


for Soldering 
Purposes: 


1/8" from 
Case 
for 
5 Seconds 


BUS 46P 


5 AMPERES 


NPN SILICON 
POWER 
TRANSISTORS 


The 
Designers 
Data 
Sheet 
permits 
the 
design 
of 
most 
circuits 
entirely 
from 
the information 
presented. 
Limit data 


- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 


"worst 
case" 
design. 


STYLE 
1: 


PIN 1: 
BASE 
2. 
COLLECTOR 
3. 
EMITTER 
4. 
COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
15.11 
15.75 
0.595 
0.620 
8 
9.65 
10.29 
.8 
.40 
C 
4.06 
4.82 
0.160 
0.190 
0 
0.64 
0.89 
0.025 
0.035 
F 
3.61 
3.73 
0.142 
0.147 
G 
2.41 
2.67 
0.095 
0.105 
H 
2.79 
3.30 
0.110 
0.130 
J 
0.36 
0.56 
0.014 
0.022 
K 
12.70 
14.27 
0.500 
0.562 


L 
1.14 
1.27 
0.045 
0.050 
N 
4.83 
5.33 
0.190 
0.210 
Q 
2.54 
3.04 
0.100 
0.120 
R 
2.04 
2.79 
0.080 
0.110 
S 
1.14 
1.39 
0.045 
0.055 
T 
5.97 
6.48 
0.235 
0.255 


U 
0.76 
1.27 
0.030 
0.050 
v 
1.14 
0.045 


ELECTRICAL CHARACTERISTICS 
(TC 


Characteristic 


25DC 
unless 
otherwise 
noted) 


Symbol 


Collector-Emitter 
Sustaining 
Voltage 
ITable 
11 
VCEO(susl 
Vdc 
(lC = 100 
mA, 
IB = 01 
450 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 


IVCEV 
= 850 
V, VBEloff) 
= 1.5 Vdc) 
- 
- 
0.5 
IVCEV 
= 850 
V, V8Eloffi 
= 1.5 Vdc, TC = 100DCI 
- 
- 
2.5 


Collector 
Cutoff 
Current 
ICER 
- 
- 
3.0 
mAdc 
(VCE = 850 
V, RBE = 500, 
TC = 100°C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
1.0 
mAdc 
(VEB = 6.0 
Vdc, 
IC ~ 01 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse Biased 


See Figure 12 


See Figure 
13 


DC Current 
Gain 
hFE 
7.0 
- 
- 
- 


(lC = 3.0 
Adc, 
VCE ~ 
5.0 Vdc) 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 


(lC = 3.0 Adc, 
IB = 0.6 
Adc) 
- 
- 
1.0 
(lC = 5.0 Adc, 
IB = 1.0 Adc) 
- 
- 
3.0 
(lC = 3.0 
Adc, 
IB = 0.6 
Adc, TC = 100°C) 
- 
- 
2.0 


Base-Emitter 
Saturation 
Voltage 
VBElsatl 
Vdc 


(lC = 3.0 
Adc, 
IB ~ 0.6 
Adcl 
- 
- 
1.5 
(lC = 3.0 Adc, 
IB = 0.6 
Adc, TC = 1000CI 
- 
- 
1.5 


Delay Time 
td 
- 
0.03 
0.05 
ps 


Rise Time 
(VCC = 250 
Adc, 
IC = 3.0 
Adc, 
tr 
- 
0.10 
0.40 


Storage 
Time 
IBl 
= 0.4 
Adc, tp = 30 ps, 
ts 
- 
0.40 
1.50 


Fall Time 
Duty Cycle S 2%, 
VBEloff) 
= 5.0 Vdcl 
tf 
- 
0.175 
0.50 


Storage 
Time 
tsv 
- 
0.70 
2.0 
ps 


Crossover 
Time 
(lClpk) 
= 3.0 A;, 
ITJ = 100DCI 
tc 
- 
0.2B 
0.50 


Fall Time 
IBl 
~ 0.4 
Adc, 
tfi 
- 
0.15 
0.30 


Storage 
Time 
VBEloff) 
= 5.0 Vdc, 
tsv 
- 
0040 
- 


Crossover 
Time 
VCElpk) 
= 250 
VI 
ITJ = 25°C) 
tc 
- 
0.15 
- 


Fall Time 
tfi 
- 
0.10 
- 


11) Pulse Test: 
PW = 300 
ps, Duty Cycle S 2%. 


IC 
Pf = IB 


I 


~OO°C 


- 
..•...• 


TJ = 25°C 
r--- ..•...•"" 


"'" :\ 


VCE = 5.0 V 
1\1\ 


50 


30 
z~ 
f- 
20i 
13 
uc 
~ 
10 


7.0 


0.2 
0.3 
0.5 
1.0 
2.0 
3.0 
5.0 
8.0 


IC. COLLECTOR CURRENT (AMPS) 


/ 


/31 = 5.0 
V7 
/ / 


1000C/ / 


~ 
/ 
TJ = 25°C 


0.2 
0.3 
0.5 
1.0 
2.0 
3.0 
5.0 


IC. COLLECTOR CURRENT IAMPSI 


/ 
I 
I 
7 


TJ = 1500e 
/ 


1250e 
./ 
/ 
/ 


!OOOe 
I 


750e 
f-- 
-REVERSE 
FORWARO 
I 


250e 
I VeE = 150 V= 


I 
I 


·0.2 
0 
+0.2 
+0.4 


V8E. BASE·EMITTER 
VOL TAGE (VOLTSI 


-- 


\ 


1\ 


5.0 A- - 
" 
IC = 1.0 A 
2.5 A ~ 
.••...•. 


T 


I 
r-........ 


= 
-TJ 
25°C 


I 


3.0 
0; 
2.0 
~ 
c~~ 
1.0 


"" 
~ 
05 
'"t: 
03 
~ 
02 
'" 
~ 
0.1 
:3 


~ 0.05 
> 
003 
0.02 
0.03 
0.05 
0.1 
0.2 
0.3 
0.5 


lB. BASE CURRENT (AMPS) 


/31 = 50 


:::;;; 
-- 
TJ - 25°C 
= 


100°C 


02 
03 
0.5 
1.0 
2.0 
3.0 
5.0 


IC. COLLECTOR CURRENT lAMPS) 


Cib 
-- 


TJ 
25°C 


...... 
• 


Cob 


'I--L 


uZ;: 
G~ 


~ 
100 


3.0 
5.0 
10 
30 
50 
100 


VR. REVERSE VOLTAGE (VOLTS) 


°--Js1f 
F 


02"F 


1.O~F. - 


500 


ISl edjutt.ci to 
obtein the forced 


"'FE 
duired 


TURN 
OF F TIME 
Us. inductive switching 
drive' a, the input to 
the r.,iuive tell circuit. 


Adjust 
Rl 
to obtain 
IS1 
For switching 
and ABSOA. 
R2 
= 0 


For 
BVCEOlsus). 
R2 
= 
- 


Lcoil 
• 
180 ~H 


Reo II • 
005 
n 


\Ice· 20 
'V 


Vee" 250V 
Al" 83ft 
PulseW,dlh: 10,,5 


Test Equipment 


Scope 
- 
Tektronix 
475 or Equiv".nt 


I 
TJ~15oe 
le~3.0A 
~ 
f3t~ 5.0 
~ 


./' ~ 


~ 


~ 


,./ 


~:;~ 
'e 
>- 
~a 


'";;\ 


~ 
2.0 
liP 


2.0 
3.0 
4.0 
5.0 
6.0 
7.0 


VBE(otf), 
BASE-EMlnER 
VOLTAGE 
(VOLTS) 


/" In 
resistive switching 
circuits, 
rise, fall, 
and storage 
times have been defined and apply to both current and 
voltage 
waveforms 
since they 
are in 
phase. However, 
for inductive 
loads which are common to SWITCHMODE 
power supplies and hammer drivers, current 
and voltage 
waveforms are not in phase. Therefore. separate measure· 
ments 
must 
be made on each waveform 
to determine 
the total 
switching 
time. 
For this reason. the following 
new terms have been defined. 


tsv = Voltage Storage Time, 90% IS1 to 10% Vclamp 
trv = Voltage Rise Time, 10-90% 
Vclamp 
tfi 
= Current Fall Time, 90-10% 
IC 
tti 
= Current Tail, 10-2% 
IC 
tc 
= Crossover Time, 10% Vclamp to 10% IC 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity 
of these 


terms. 


For 
the 
designer. 
there 
is 
minimal 
switching 
loss 
during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses occur 
during 
the 
crossover 
interval 
and 
can be obtained using the standard equation from AN-222: 


PSWT = 1/2 VCCICltclf 


In general, trv + tfi "" tc' However, at lower test currents 
this relationship may not be valid. 


As is common with most switching transistors. resistive 
switching 
is specified at 250C and has become a bench- 


mark 
for 
designers. 
However, 
for 
designers of 
high 
frequency 
converter 
circuits. 
the user oriented specifica- 


tions which make this a "SWITCH MODE" 
transistor are 
the 
inductive 
switching 
speeds (tc and tsvl 
which 
are 
guaranteed at 1000C. 


- l- f- TJ = 75°e 
IJI = 5.0 


./ 
~ 
-- 
~VBElolfl 
= 1.0 V 


/' 
.......I\. 


""-.. 


VBElolfl 
= i'O 
v 


3.0 
3 
:g 
2.0 
;::: 


'";;! 
t;;l 10 


0.7 


10 
2.0 
3.0 


IC, COllECTOR 
CURRENT 
IAMPSI 


--Ie 
I 
----tfi 
- 


.... .... 
Ie/a 
V 
~ 
.... .... 
•....•.••.... 
Ie-10 
V 


'...-'.. 
'. 
•... 
--- - 
"T 
~. 
'"'- 


Iiit10 V 
'~ 
" 
.. 


Iti-j'o V - 


.;:..::,... 


TJ=75°C 
IJf = 50 


10 
2.0 
3.0 


IC. COllECTOR 
CURRENT 
IAMPSI 


RBJC(t! 
- RBJC 
.~ 


'\ 
RBJe - I .40CfW Max 


o CURVES 
APPLY FOR POWER_ 
PULSE TRAIN SHOWN 
- 
-.'Ii 
READ 
TIME 
AT 11 
- 


~0'0.5 
TJ(pk) 
T C - P(pk) 
RBJClt! 
- 


...., 0.2 


0.1 
pEf1Jl 
-= 
0.05 
- 


0.02 
~~J 
= 
'\ 
0.01 
-I- 
- 


SINGLE 
PULSE 
-I- 
DUTY CYCLE, ,0 ',',1/'2 
- 


The Sefe Opereting 
Aree figures 
shown 
in Figures 
12 and 13 are 


specified 
for these devices 
under the test 
conditions 
shown. 


~ 
2.0 
~ 
~ 
1.0 


~ 
0.5 


B 
"" 
0.2 
t; 
0.1 


~ 0.05 
u 
- 
0.02 


0.01 


5.0 


8.0 


70 
~~ 6.0 
~ 
>- 


50 
~ 
B 4.0 


""g 3.0 
8 2.0 


!do 


1.0 


- 
10~s~ 
1'- 
1.0 ms "- 


de 
I 


- 
- - 
BONDING WIRE LIMIT 


-- 
THERMAL 
LIMIT 
11. 
I 


ISINGlE 
PULSE) 


"- 
I 
SECOND BREAKDOWN 
LIMIT 


TC - 25°C 


'1..1 


10 
20 
50 
100 
200 


VCE. COllECTOR·EMITTER 
VOLTAGE (VOLTS, 


\ 


VBElo!f) 
; 0 
II 


TJ';; 
100°C 
\ 


{31;;' 
40 


~ 
VBE(off) 
; 
1.0 to 5.0 V 
\"J 
\ - 


100 
200 
300 
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VCE. COllECTOR·EMITTER 
VOLTAGE (VOLTS, 
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'"o 
G 
~ 
60 
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o 


'"~ 
~ 
20 
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TC. CASE TEMPERATURE 
(DCI 


FORWARD 
BIAS 
There 
are two 
limitations 
on the power 
handling 
ability 


of 
a transistor: 
average 
junction 
temperature 
and 
second 


breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 


limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 


operation; 
i.e., 
the 
transistor 
must 
not 
be subjected 
to 


greater 
dissipatiqn 
than 
the curves 
indicate. 


The 
data 
of Figure 
12 is based 
on TC = 250C; 
TJ(pk) 
is variable 
depending 
on power 
level. 
Second 
breakdown 


pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 


derated 
when 
TC;;' 
250C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 


current 
at the 
voltages 
shown 
on Figure 
12 may be found 


at 
any 
case 
temperature 
by 
using 
the 
appropriate 
curve 


on Figure 
14. 


TJ(pk) 
may 
be calculated 
from 
the 
data 
in Figure 
11. 


At high 
case temperatures, 
thermal 
limitations 
will reduce 


the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 


limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 


For 
inductive 
loads, 
high. 
voltage 
and 
high 
current 


must 
be 
sustained 
simultaneously 
during 
turn·off, 
in 


most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 


biased. 
Under 
these 
conditions 
the 
collector 
voltage 


must 
be held 
to a safe level at or below 
a specific 
value of 


collector 
current. 
This 
can 
be 
accomplished 
by 
several 


means 
such 
as 
active 
clamping, 
RC snubbing, 
load 
line 


shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 


as 
Reverse 
Bias Safe 
Operating 
Area 
and 
represents 
the 
voltage·current 
conditions 
during 
reverse 
biased 
turn·off. 


This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the 
device 
is never subjected 
to an avalanche 
mode. 
Figure 


13 gives R BSOA characteristics. 


This information 
has been carefully 
checked and is believed to 
be entirely 
reliable. 
However. no responsibility 
is assumed for 
inaccuracies. Motorola reserves the right to make changes to 
any products 
herein to improve 
reliability, 
function 
or design. 
Motorola 
does not assume any liability 
arising out of the appli- 
cation 
or use of any product 
or circuit 
described 
herein. 
No 
license is conveyed 
under patent 
rights in any form. When this 
document 
contains 
information 
on a new product, 
specifica- 
tion herein are subject to change without 
notice. 


® MOTOROLA 


SWITCH MODE II'" SERIES 
NPN SILICON 
POWER TRANSISTORS 


The BUS 47 
and BUS 47 A transistors 
are designed for high- 
voltage, high-speed, power switching 
in inductive circuits where fall 
time is critical. They are particularly 
suited for line-operated switch- 
mode applications such as; 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid and Relay Drivers 


• 
Motor Controls 


• 
Deflection Circuits 
Fast Turn-Off Times 
100 ns Inductive Fall Time - 25°C ITyp) 
150 ns Inductive Crossover Time-25°C 
ITyp) 
400 
ns Inductive Storage Time-25°C 
(Typl 


Operating Temperature Range -65 
to +200oC 


100°C Performance Specified for; 


Reverse-Biased SOA with Inductive Loads 
Switching 
Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
BUS 47 
BUS 47A 
Unit 


Collector~Emitter 
Voltage 
VCEOlsus) 
450 
450 
Vdc 


Collector·Emitter 
Voltage 
VCEV 
B50 
1000 
Vdc 


Emitter 
Base Voltage 
VEB 
6 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
9 
Adc 


- 
Peak(1) 
ICM 
12 


Base Current 
- 
Continuous 
IB 
3 
Adc 
- 
Peak(1) 
IBM 
6 


Total 
Power 
Dissipation 
- 
TC ~ 25°C 
Po 
150 
Watts 


- 
TC = 
100°C 
85.5 
Derate above 25°C 
0.B6 
W/oC 


Operating 
and Storage 
Junction 
TJ' Tstg 
·C 
Temperature 
Range 
-65 
to 
+200 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
RQJC 
1.17 
·CIW 
Junction 
to Case 


Maximum 
Lead Temperature 
TL 
275 
°c 
for Soldering 
Purposes: 
1/8" from 
Case 
for 
5 Seconds 


BUS 47 
BUS 47A 


9 AMPERES 


NPN SILICON 
POWER 
TRANSISTORS 


450 
VOLTS 
- Vcao(susl 


150 
WATTS 


B50 
VOLTS 
- Vcas 


Designer's 
Data 
for 


"Worst 
Case" 
Conditions 


The Designers'" 
Data 
Sheet 
permits 
the 
design 
of most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 


"worst 
case" 
design. 
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ELECTRICAL CHARACTERISTICS 
(TC 


Charactarl.t;c 


25°C 
unless 
otherwise 
notedl 


Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 
1) 
VCEO(sus} 
Vdc 
IIC = 100 
mA, 
IB = 0) 
450 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 
(VCEV 
= Rated Value, 
VBE(off) ~ 1.5 Vde) 
- 
- 
0·5 
(VCEV 
~ Rated Value, 
VBE(off) 
= 1.5 Vde, 
TC = 100°C) 
- 
- 
2.5 


Collector 
Cutoff 
Current 
ICER 
- 
- 
3.0 
mAde 
(VCE = Rated VCEV, 
RBE = 50 Q, TC = 100°C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
1.0 
mAde 
IVEB = 6 Vde, 
IC ~ O} 


See Figure 
12 


See Figure 
13 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse 
Biased 


DC Current 
Gain 
hFE 
- 
(IC ~ 
6 Ade, 
VCE = 5 Vde) 
6 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat} 
Vde 
IIC = 6 Ade, 
IB = 1.2 Ade) 
- 
- 
1.5 


IIC = g Ade, 
IB = 3.0 
Ade) 
- 
- 
3.0 
IIC = 6 Ade, 
IB ~ 
1.2 Ade, TC ~ 
100°C} 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBE(sat) 
Vde 
IIC = 6 Ade, 
IB = 1.2 Ade} 
- 
- 
1.6 
IIC = 6 Ade, 
IB ~ 
1.2 Ade, TC = 100°C) 
- 
- 
1.6 


Delay Time 
td 
- 
0.025 
0.05 
/l.S 


Rise Time 
(VCC 
~ 
250 
Vde, 
IC = 6 A, 
tr 
- 
0.10 
0.50 


Storage 
Time 
IB1 = 0.9 
A, tp = 30/l.s, 
ts, 
- 
0.50 
1.50 


,Fall Time 
Duty 
Cycle 
;$ 2%, 
VBE(off) 
= 5 V) 
tf 
- 
0.10 
0.40 


Storage 
Time 
(TC ~ 
25°C) 
tsv 
- 
0.40 
- 
/l.S 


Crossover 
Time 
IIC(pk} 
~ 
6 A, 


te 
- 
0.15 
- 
IB1 = 0.9 
A, 
Storage 
Time 
VBE(off) 
= 5 V, 
tsv 
- 
0.75 
2.2 


Crossover 
Time 
VCE(pk) 
~ 
250 
V} 
(TC = 100°C) 
te 
- 
0.20' 
0.40 


Fall Time 
tfi 
- 
0.17 
0.35 
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\ 
SA 
7.S A 
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TC - 2S·C 


EO.l 


0.1 
0.3 
O.S 
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'B. 
BASE 
CURRENT 
lAMPS) 


'"~ 


~ 
1 


: 
0.7 


~ 
0.5 


~ 
0.3 
~ 
~ 


Pt - S 


TJ • 2S·C 


TJ - 
100·C 
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Adjust 
R 1 to obtain 
IB 1 


For switching 
and 
RBSOA' 
R2 = 0 


For BVCEO(sus). 
R2::- 


LcOII 
\80 JlH 


Rco,1 - 005 n 
Vcc 
20 V 


I Lcoil 
j 


~ 
VCC 
vcd vc"[":: 


~mp 


T,me 
J--t2~ 


T.st Equlpm.nt 
Scop. - T.kuonl. 
475 or Equ,,,,.I.nt 


181 edJun.d 
to 
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hFE d•• ,r.d 


TURN 
OFF 
TIME 
U.e inductiv•• witching 
drIver e. the input to 
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PulseWidth 
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VBElolfJ- 
BASE·EMITTER 
VOLTAGE 
IVOLTS) 


In 
resistive 
switching 
circuits, 
rise, fall, 
and storage 
times have been defined 
and apply 
to both 
current 
and 
voltage 
waveforms 
since they 
are in 
phase. However, 


for inductive 
loads which are common to SWITCHMODE 
power supplies and hammer drivers, current 
and voltage 
waveforms are not in phase. Therefore, separate measure· 


ments 
must 
be made on each waveform 
to 
determine 
the 
total 
switching 
time. 
For this reason, the following 


new terms have been defined. 


tsv = Voltage Storage Time, 90% IS1 to 10% Vclamp 
trv = Voltage Rise Time, 10-90% 
Vclamp 
tfi 
= Current Fall Time, 90-10% 
IC 
tti 
= Current Tail, 10-2% 
IC 
tc 
= Crossover Time, 10% Vclamp to 10% IC 
An enlarged portion 
of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity 
of these 


terms. 
For 
the 
designer, 
there 
is 
minimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses occur 
during 
the 
crossover 
interval 
and 


can be obtained using the standard equation from AN·222: 


PSWT = 1/2 VCClcltclf 
In general, trv + tfi = tc' However, at lower test currents 
this relationship may not be valid. 
As is common with most switching transistors, resistive 
switching 
is specified at 2SoC and has become a bench- 


mark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter 
circuits, 
the use'r oriented specifica- 
tions which 
make this a "SWITCH MODE" 
transistor 
are 
the 
inductive 
switching 
speeds Itc 
and tsv) which 
are 


guaranteed at 1000C. 
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The Safe 
Operating 
Area 
figures 
shown 
in Figures 
12 and 
13 are 


specified 
for these 
devices 
under 
the test 
conditions 
shown. 
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TC. CASE TEMPERATURE 
lOCI 


FORWARD 
BIAS 


There 
are two 
limitations 
on the power 
handling 
ability 


of 
a transistor: 
average 
junction 
temperature 
and 
second 


breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 


limits 
of the 
transistor 
that 
must 
be observed 
for 
reliab/e 


operation; 
i.e .. the 
transistor 
must 
not 
be subjected 
to 


greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of Figure 
12 is based 
on TC = 25°C; 
TJ(pkl 
is variable 
depending 
on power 
level. 
Second 
breakdown 


pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 


derated 
when 
TC ;;. 250C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 


current 
at the 
voltages 
shown 
on Figure 
12 may be found 


at 
any 
case 
temperature 
by using 
the 
appropriate 
curve 
on Figure 
14. 


TJ(pkl 
may 
be calculated 
from 
the 
data 
in Figure 
11. 


At high 
case temperatures, 
thermal 
limitations 
will reduce 


the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


( 


REVERSE 
BIAS 


For 
inductive 
loads, 
high. 
voltage 
and 
high 
current 


must 
'be 
sustained 
simultaneously 
during 
turn-off, 
in 


most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 


biased. 
Under 
these 
conditions 
the 
collector 
voltage 
must 
be held 
to a safe level at or below 
a specific 
value of 


collector 
current. 
This 
can 
be 
accomplished 
by 
several 


means 
such 
as 
active 
clamping, 
RC snubbing, 
load 
line 


shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 


as 
Reverse 
Bias Safe 
Operating 
Area 
and 
represents 
the 


voltage-current 
conditions 
during 
reverse 
biased 
t~rn-off. 
This 
rating 
is verified 
under 
clamped 
conditions 
so that 


the 
device 
is never subjected 
to an avalanche 
mode. 
Figure 
13 gives R BSOA characteristics. 


This information 
has been carefully 
checked and is believed to 
be entirely 
reliable. 
However, 
no responsibilitY 
is assumed for 
inaccuracies. 
Motorola 
reserves the 
right 
to 
make 
changes to 
any products 
herein to improve 
reliabilitY. 
function 
or design . 
Motorola 
does not assume any liabilitY 
arising out of the appli- 
cation 
or use of any 
product 
or circuit 
described 
herein. 
No 
license is conveyed 
under 
patent 
rights in any form. When this 
document 
contains 
information 
on a new 
product, 
specifica- 
tion herein are subject to change without 
notice. 
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SWITCHMODE 
II'" SERIES 
NPN SILICON 
POWER TRANSISTORS 


The 
BUS 47P/BUS 
47AP 
transistors 
are designed 
for 
high- 


voltage, 
high-speed, power switching 
in inductive 
circuits where fall 
time is critical. 
They are particularly suited 
for line-operated switch- 
mode applications 
such as: 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid and Relay Drivers 


• 
Motor Controls 


• 
Deflection 
Circuits 
Fast Turn-Off 
Times 
100 ns Inductive 
Fall Time-25°C 
ITyp) 
150 ns Inductive 
Crossover Time-25°C 
ITyp) 
400 
ns Inductive 
Storage Time-25°C 
(Typ) 


Operating Temperature 
Range - 65 to + 150°C 


100°C Performance Specified for: 


Reverse-Biased SOA with Inductive 
Loads 
Switching 
Times with Inductive 
Loads 
Saturation 
Voltages 
Leakage Currents 


Rating 
Symbol 
BUS47P BUS47AP 
Unit 


Collector·Emitter 
Voltage 
VCEO(sus) 
450 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
1000 
Vdc 


Emitter 
Base Voltage 
VEB 
6 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
9 
Adc 


- 
Peakll) 
ICM 
12 


Base Current 
- 
Continuous 
IB 
3 
Adc 


- 
Peak(l) 
IBM 
6 


Total Power Dissipation - TC = 25°C 
Po 
107 
Watts 


- TC = 100°C 
85.5 
Derate 
above 
25°C 
0.86 
W/oC 


Operating 
and Storage 
Junction 
TJ' TSt9 
·C 
Temperature 
Range 
-65 
to +150 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
RWC 
1.17 
·CIW 
Junction 
to Case 


Maximum 
Lead Temperature 
TL 
275 
·C 
for Soldering 
Purposes: 


liB" from Case for 5 Seconds 


BUS 47P 
BUS 47AP 


9 AMPERES 


NPN SILICON 
POWER 
TRANSISTORS 


450 VOLTS- Vesolsus' 
107 WATTS 


850 VOLTS- Vess 


STYLE1: 


1. 8ASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 
A 
20.32 
21.08 
0.800 
0.830 
8 
15.49 
15.90 
0.610 
0.626 
C 
4.19 
5.08 
0.165 
0.200 
0 
1.02 
1.65 
0.040 
0.065 
E 
1.35 
1.65 
0.053 
0.065 


G 
5.21 
5.72 
0.205 
0.225 
H 
2.41 
3.20 
0.095 
0.126 
J 
0.38 
0.64 
0.015 
0.025 


K 
12.70 
15.49 
0.500 
0.610 
L 
15.88 
16.51 
0.625 
0.650 
N 
12.19 
12.70 
0.480 
0.500 
0 
3.94 
4.19 
0.155 
0.165 


Collector-Emitter 
Sustaining 
Voltage 
(Table 
1) 
VCEO(sus) 
Vdc 
(lC = 100 
mA, 
IB = 0) 
450 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 


IVCEV = Rated Value, 
VBEloffi 
= 1.5 Vdc) 
- 
- 
0.5 


IVCEV = Rated Value, 
VBE(off) 
= 
1.5 Vdc, 
TC = 100·CI 
- 
- 
2.5 


Collector 
Cutoff 
Current 
ICER 
- 
- 
3.0 
mAdc 
(VCE = Rated VCEV, 
RBE = 50 n, TC = 100·C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
1.0 
mAdc 


(VEB = 6 Vdc, 
IC = 0) 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse 
Biased 


See Figure 
12 


See Figure 
13 


DC Current 
Gain 
hFE 
- 
(lC = 6 Adc. 
VCE = 5 Vdcl 
6 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCElsat) 
Vdc 
(lC = 6 Adc, 
IB = 1.2 Adcl 
- 
- 
1.5 
(lC = 9 Adc, 
IB = 3.0 
Adcl 
- 
- 
3.0 
(lC = 6 Adc, 
IB = 1.2 Adc, 
TC = 100·C) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBElsat) 
Vdc 
(lC = 6 Adc, 
IB = 
1.2 Adc) 
- 
- 
1.6 
(lC = 6 Adc, 
IB = 
1.2 Adc, 
TC = 100·C) 
- 
- 
1.6 


Delay Time 
td 
- 
0.025 
0.05 
ps 


Rise Time 
(VCC = 250 
Vdc, 
IC = 6 A. 
tr 
- 
0.10 
0.50 


Storage Time 
IBl 
= 0.9 
A, tp = 30 ps, 
ts 
- 
0.50 
1.50 
Duty 
Cycle S 2%, 
VBEloff) 
= 5 VI 


Fall Time 
tf 
- 
0.10 
0.40 


Storage 
Time 
ITC = 25·C) 
tsv 
- 
0.40 
- 
ps 


Crossover 
Time 
(lClpk) 
= 6 A, 
tc 
- 
0.15 
- 


IBl 
= 0.9 
A, 


Storage 
Time 
VBE(off) 
= 5 V. 
tsv 
- 
0.75 
2.2 


Crossover 
Time 
VCElpk) 
= 250 
VI 
ITC = 
100·C) 
tc 
- 
0.20 
0.40 


Fall Time 
tfi 
- 
0.17 
0.35 
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VBE(offl. 
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VOLTAGE 
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In 
resistive switching 
circuits, 
rise, fall, 
and storage 
times have been defined and apply to both current 
and 
voltage 
waveforms 
since they 
are in 
phase. However, 


for inductive 
loads which are common to SWITCHMODE 
power supplies and hammer drivers, current 
and voltage 


waveforms are not in phase. Therefore, separate measure· , 
ments 
must 
be made on each waveform 
to determine 
the total 
switching 
time. 
For this reason, the following 
new terms have been defined. 


tsv = Voltage Storage Time, 90% IBI to 10% Vclamp 


trv = Voltage Rise Time, 10-90% 
Vclamp 
tfi 
= Current Fall Time, 90-10% 
IC 


tti 
= Current Tail, 10-2% 
IC 
tc 
= Crossover Time, 10% Vclamp to 10% IC 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity 
of these 


terms. 
For 
the 
designer, 
there' 
is . minimal 
switchin9 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses occur 
during 
the 
crossover 
interval 
and 


can be obtained using the standard equation from AN·222: 


PSWT = 1/2 VCCIC(tclf 
In general, trv + t1i '" tc' However, at lower test currents 
this relationship may not be valid. 


As is common with most switching transistors, resistive 
switching 
is specified at 250C and has become a bench- 
mark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter 
circuits, 
the user oriented specifica· 


tions which 
make this a "SWITCHMODE" 
transistor 
are 
the 
inductive 
switching 
speeds (tc and tsv) which 
are 
guaranteed at 1000C. 
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The Safe 
Operating 
Area 
figures 
shown 
in Figures 
12 and 
13 
are 


specified 
for these 
devices 
under the test 
conditions 
shown. 
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TC. CASE TEMPERATURE 
10C) 


FORWARD 
BIAS 


There 
are two 
limitations 
on the power 
handling 
ability 


of 
a transistor: 
average 
junction 
temperature 
and 
second 


breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 


limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 


operation; 
i.e .. the 
transistor 
must 
not 
be 
subjected 
to 


greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of Figure 
12 is based 
on TC = 250C; 
TJ(pkl 
is variable 
depending 
on power 
level. 
Second 
breakdown 


pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 


derated 
when 
TC ;;. 250C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 


current 
at the 
voltages 
shown 
on Figure 
12 may be found 


at 
any 
case 
temperature 
by 
using 
the 
appropriate 
curve 


on Figure 
14. 


TJ(pk) 
may 
be calculated 
from 
the 
data 
in Figure 
11. 


At high 
case temperatures, 
thermal 
limitations 
will reduce 


the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 


For 
inductive 
loads, 
high 
voltage 
and 
high 
current 


must 
be 
sustained 
simultaneously 
during 
turn-off, 
in 


most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 


biased. 
Under 
these 
conditions 
the 
collector 
voltage 


must 
be held 
to a safe level at or below 
a specific 
value 
of 


collector 
current. 
This 
can 
be 
accomplished 
by 
several 


means 
such 
as 
active 
clamping, 
RC snubbing, 
load 
line 


shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 


as 
Reverse 
Bias Safe 
Operating 
Area 
and 
represents 
the 


voltage-current 
conditions 
during 
reverse 
biased 
t~rn-off. 


This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the 
device 
is never subjected 
to an avalanche 
mode. 
Figure 
13 gives R BSOA characteristics. 


This information 
has been carefully 
checked and is believed to 
be entirely 
reliable. 
However, 
no responsibility 
is assumed for 
inaccuracies. 
Motorola 
reserves the 
right 
to make 
changes to 
any products 
herein to improve 
reliability, 
function 
or design. 


Motorola 
does not assume any liability 
arising out of the appli~ 
cation 
or use of any 
product 
or circuit 
described 
herein. 
No 
license is conveyed 
under patent 
rights in any form. 
When this 
document 
contains 
information 
on a new product. 
specifica~ 
tion herein are subject to change without 
notice. 


@ MOTOROLA 


SWITCHMODE 
II'" SERIES 
NPN SILICON 
POWER TRANSISTORS 


The BUS 4B and BUS 48A 
transistors 
are designed for high- 


voltage, high-speed, power switching 
in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as: 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid and Relay Drivers 


• 
Motor Controls 
• 
Deflection Circuits 
Fast Turn-Off Times 
100 ns Inductive Fall Time-25°C 
ITyp) 
150 ns Inductive Crossover Time-25°C 
ITyp) 
500 ns Inductive Storage Time- 
25°C ITyp) 


Operating Temperature Range -65 
to +200oC 


100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching 
Times with Inductive Loads 


Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
BUS 4B 
BUS 4BA 
Unit 


Collector-Emitter 
Voltage 
VCEOlsusl 
450 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
1000 
Vdc 


Emitter 
Base Voltage 
VES 
6 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
15 
Adc 
- 
Peak(l) 
ICM 
20 


Base Current 
- 
Continuous 
16 
5 
Adc 
- 
Peak(l) 
16M 
10 


Total 
Power 
Dissipation 
- 
TC = 25°C 
Po 
175 
Watts 
- 
TC = 
100°C 
100 


Derate above 25°C 
1.0 
W/oC 


Operating 
and Storage 
Junction 
TJ' Tstg 
°c 
Temperature 
Range 
-65 
to 
+200 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
RgJC 
1.0 
°C/W 
Junction 
to Case 


Maximum 
Lead Temperature 
TL 
275 
°c 
for Soldering 
Purposes: 


1/8" 
from 
Case for 
5 Seconds 


BUS 48 
BUS 48A 


15 AMPERES 


NPN SILICON 
POWER 
TRANSISTORS 


Designer's 
Data 
for 


"Worst 
Case" 
Conditions 


The Oesigners~ 
Data Sheet 
permits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 


- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 


"worst 
case" 
design. 
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Collector-Emitter 
Sustaining 
Voltage 
(Table 
1) 
VCEO(sus) 
Vdc 
IIc 
= 100 
mA, 
IB = 0) 
450 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 
(VCEV 
= Rated Value, 
VBE(off) 
= 1 .5 Vdc) 
- 
- 
0.5 
(VCEV 
= Rated Value, 
VBE(off) 
= 1 .5 Vdc, 
TC = 100·C) 
- 
- 
2.5 


Collector 
Cutoff 
Current 
·ICER 
- 
- 
3.0 
mAdc 


IVCE = Rated VCEV, 
RBE = 50 O. TC ~ 100·C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
1.0 
mAdc 
IVEB = 6 Vdc, 
IC = 0) 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward 
Biased 


Clamped 
Inductive 
SOA 
with 
Base Reverse 
Biased 


See Figure 
12 


See Figure 
13 


DC Current 
Gain 
hFE 
- 


IIc 
= 10 Adc, 
VCE = 5 Vdc) 
6 
- 
- 


Collector· 
Emitter 
Saturation 
Voltage 
, 


VCE(sati 
Vdc 
IIc 
= 10 Adc, 
IB = 2 Adc) 
- 
- 
1.5 
IIc 
= 15 Adc, 
IB = 3 Adc) 
- 
- 
5.0 
IIc 
= 10 Adc, 
IB = 2 Adc, 
TC = 100·C) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBElsat) 
Vdc 
IIC = 10 Adc, 
lB ~ 
2 Adc) 
- 
- 
1.6 
IIc 
= 10 Adc, 
IB = 2 Adc, 
TC = 100·C) 
- 
- 
1.6 


Delay Time 
td 
- 
0.03 
0.05 
I'S 


Rise Time 
(VCC 
~ 
250 
Vdc, 
IC = 10 A, 
tr 
- 
0.13 
0.50 


Storage Time 
IB1 = 1.25 
A, tp = 301's, 
ts 
- 
0.55 
2.0 


Fall Time 
Duty 
Cycle :s 2%, 
VBEloff) 
~ 
5 V) 


0.10 
0.40 
tf 
- 


Storage 
Time 
(TC ~ 25·C) 
tsv 
- 
0.50 
- 
I'S 


Crossover 
Time 
IIClpk) 
= 10 A, 


tc 
- 
0.15 
- 
IB1 = 1.25 
A, 


Storage 
Time 
VBE(ofl) 
= 5 V, 
tsv 
- 
0.80 
2.5 


Crossover 
Time 
VCElpk) 
= 250 
V) 
ITC = 100·C) 
tc 
- 
0.175 
0.40 


Fall Time 
tfi 
- 
0.15 
0.30 


- - 


TJ - 25·C 
TJ - 
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-":::::,,,j 
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FIGURE 3 - 
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FIGURE 6 - 
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In 
resistive 
switching 
circuits, 
rise, fall. 
and storage 
times have been defined 
and apply 
to both 
current 
and 
voltage 
waveforms 
since they 
are in 
phase. However, 


for inductive 
loads which are common to SWITCHMOOE 
power supplies and hammer drivers, current 
and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments 
must 
be made on each waveform 
to 
determine 
the total 
switching 
time. 
For this reason, the following 


new terms have been defined. 


tsv = Voltage Storage Time, 90% IB1 to 10% Vclamp 
trv = Voltage Rise Time, 10-90% 
Vclamp 
tfi 
= Current Fall Time, 90- 
10% IC 
tti 
= Current Tail, 10-2% 
IC 
tc 
= Crossover Time, 10% Vclamp to 10% IC 
An enlarged portion 
of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity 
of these 


terms. 


For 
the 
designer, 
there 
is 
minimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses occur 
during 
the 
crossover 
interval 
and 


can be obtained using the standard equation from AN·222: 


PSWT = 1/2 VCCIC(tc)f 
In general, trv + tfi '" tc' However. at lower test currents 
this relationship 
may not be valid. 
As is common with most switching transistors. resistive 
switching 
is specified at 250C and has become a bench· 
mark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter 
circuits. 
the user oriented 
specifica· 
tions which 
make this a "SWITCHMOOE" 
transistor 
are 


the 
inductive 
switching 
speeds (te and tsv) which 
are 


guaranteed at 1000C. 
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specified lor these devices under the test conditions shown. 
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TC. CASE TEMPERATURE 
lOCI 


FORWARD 
BIAS 


There 
are two 
limitations 
on the power 
handling 
ability 


01 a transistor: 
average 
junction 
temperature 
and 
second 


breakdown. 
Sale 
operating 
area 
curves 
indicate 
'C-VCE 


limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 


operation; 
i.e., 
the 
transistor 
must 
not 
be 
subjected 
to 


greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
Of Figure 
12 is based 
on TC = 250C; 
TJ(pk) 
is variable 
depending 
on power 
level. 
Second 
breakdown 


pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 


derated 
when 
TC ;;;. 250C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 


current 
at the 
voltages 
shown 
on Figure 
12 may 
be found 


at 
any 
case 
temperature 
by 
using 
the 
appropriate 
curve 
on Figure 
14. 


TJ(pk) 
may 
be calculated 
from 
the 
data 
in Figure 
11. 


At high 
case temperatures, 
thermal 
limitations 
will reduce 


the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 


limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 


For 
inductive 
loads, 
high 
voltage 
and 
high 
current 


must 
be 
sustained 
simultaneously 
during 
turn-off, 
in 


most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 


biased. 
Under 
these 
conditions 
the 
collector 
voltage 


must 
be held 
to a safe level at or below 
a specific 
value of 
collector 
current. 
This 
can 
be 
accomplished 
by 
several 


means 
such 
as 
active 
clamping, 
RC snubbing, 
load 
line 


shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 


as 
Reverse 
Bias 
Safe 
Operating 
Area 
and 
represents 
the 
voltage-current 
conditions 
duri'ng 
reverse 
biased 
t~rn-off. 


This 
rating 
is verified 
under 
clamped 
conditions 
so that 


the 
device 
is never 
subjected 
to an avalanche 
mode. 
Figure 
13 gives R BSOA characteristics. 


® MOTOROLA 


SWITCH MODE II~ SERIES 
NPN SILICON 
POWER TRANSISTORS 


The 
BUS 48P/BUS 
48AP 
transistors 
are designed 
for 
high- 


voltage, high-speed, power switching 
in inductive circuits where fall 
time is critical. They are particularly 
suited for line-operated switch- 
mode applications such as: 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid and Relay Drivers 


• 
Motor Controls 


• 
Deflection Circuits 
Fast Turn-Off Times 
100 ns Inductive Fall Time- 
25°C (Typ) 
-=- 
150 ns Inductive Crossover Time-25°C 
(Typ) 
500 ns Inductive Storage Time-25°C 
(Typ) 


Operating Temperature Range - 65 to + 150°C 


100°C Performance Specified for: 


Reverse-Biased SOA with Inductive Loads 
Switching 
Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
BUS4BP 
BUS 48AP 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
450 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
1000 
Vdc 


Emitter 
Base Voltage 
VES 
6 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
15 
Adc 


- 
Peak(t) 
'CM 
20 


Base Current 
- 
Continuous 
18 
5 
Adc 
- 
Peak(l) 
ISM 
10 


Total 
Power 
Dissipation 
- 
TC = 25°C 
PD 
125 
Watts 
- 
TC = 100°C 
100 
Derate above 25°C 
1.0 
W/oC 


Operating 
and Storage 
Junction 
.TJ' Tstg 
°C 
Temperature 
Range 
-65 
to 
+150 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
RWC 
1,0 
°C/W 
Junction 
to Case 


Maximum 
Lead Temperature 
TL 
275 
°C 
tor Soldering 
Purposes: 


118" from 
Case for 5 Seconds 


BUS 48P 
BUS 48AP 


15 AMPERES 


NPN SILICON 
POWER 
TRANSISTORS 


STYLE 
1: 


1. 
BASE 


2. 
COLLECTOR 
3, 
EMITTER 


4. 
COLLECTOR 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 
A 
20.32 
21.08 
0,800 
0,830 
B 
15.49 
15,90 
0,610 
0.626 
C 
4.19 
5,08 
0,165 
0.200 
0 
1.02 
1.65 
'0.040 
0.065 


E 
1.35 
1.65 
0.053 
0.065 
G 
5,21 
5.72 
0.205 
0.225 
H 
2.41 
3.20 
0.095 
0.126 


J 
0.38 
0.64 
0.015 
0.025 
K 
12,70 
15.49 
0.500 
0.610 
L 
15.88 
16.51 
0.625 
0.650 
N 
12.19 
12.70 
0.480 
0.500 
0 
3.94 
4.19 
0.155 
0.165 


ELECTRICAL 
CHARACTERISTICS 
(Te 


Characteristic 


25°e 
unless 
otherwise 
noted) 


Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 
1) 
VCEOlsusl 
Vdc 
(lC = 
100 
mA, 
IB = 0) 
450 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 
IVCEV = Rated Value, 
VBE(off) 
= 1.5 Vdcl 
- 
- 
0.5 
IVCEV 
~ Rated Value, 
VBE(off) ~ 1.5 Vdc, 
TC ~ 1000CI 
- 
- 
2.5 


Collector 
Cutoff 
Current 
ICER 
- 
- 
3.0 
mAdc 
(VCE ~ 
Rated VCEV, 
RBE ~ 
50 n. TC ~ 
1000CI 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
1.0 
mAdc 
(VEB = 6 Vdc, 
IC = 01 


Second 
Breakdown 
Collector 
Current 
with 
.Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse 
Biased 


See Figure 
12 


See Figure 
13 


DC Current 
Gain 
hFE 
- 
IIC ~ 
10 Adc. 
VCE ~ 
5 V) 
6 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCElsat) 
Vdc 
(lC ~ 
10 Adc, 
IB = 2 Adc) 
- 
- 
1.5 
(lC = 
15 Adc, 
IB = 3 Adcl 
- 
- 
5.0 
(lC ~ 
10 Adc. 
IB ~ 
2 Adc. 
TC ~ 
1000CI 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBElsatl 
Vdc 
(lC = 
10 Adc, 
IB = 2 Adc) 
- 
- 
1.6 


(lC ~ 
10 Adc. 
IB ~ 2 Adc, 
TC ~ 100°C) 
- 
- 
1.6 


Delay Time 
td 
- 
0.03 
0.05 
'"'S 
Rise Time 
IVCC = 250 
Vdc, 
IC = 
10 A, 
tr 
- 
0.13 
0.50 


Storage 
Time 
IBl 
= 
1.25 
A, tp = 30,",s. 
ts 
- 
0.55 
2.0 


Fall Time 
Duty 
Cycle S 2%. 
VBE(offl 
~ 
5 VI 
tf 
- 
0.10 
0.40 


Storage 
Time 
(TC = 25°CI 
tsv 
- 
0.50 
- 
'"'S 
Crossover 
Time 
(lClpkl 
= lOA. 
tc 
- 
0.15 
- 


IB1 = 1.25 
A, 
Storage 
Time 
VBE(off) 
= 5 V, 
tsv 
- 
0.80 
2.5 


Crossover 
Time 
VCElpk) 
= 250 
VI. 
(TC = 100°C) 
tc 
- 
0.175 
0.40 


Fall Time 
tfi 
- 
0.15 
0.30 
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FIGURE 5 - 
COLLECTOR 
CUTOFF 
REGION 
FIGURE 6 - 
CAPACITANCE 
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Adjust 
A 1 to obtain 
IB 1 


For switching 
and 
RBSOA. 
R2 
= 0 


For 
BVCEO(sus). 
R2 
= 
00 


Lcoit ~ \80 ~H 


RCOIl 
~ 005 
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VCC~10\1 
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LCOilllCpkl 
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In 
resistive switching 
circuits, 
rise, fall, 
and storage 
times have been defined and apply to both current and 


voltage 
waveforms 
since they 
are in 
phase. However, 
for inductive 
loads which are common to SWITCHMODE 
power supplies and hammer drivers, current 
and voltage 


waveforms are not in phase. Therefore, separate measure- 
ments 
must 
be made on each waveform 
to 
determine 
the total 
switching 
time. 
For this reason, the following 


new terms have been defined. 
tsv = Vol'tage Storage Time, 90% ISI to 10% Vclamp 


trv = Voltage Rise Time, 10-90% 
Vclamp 
tfi 
= Current Fall Time, 90-10% 
IC 


tti 
= Current Tail, 10-2% 
IC 
tc 
= Crossover Time, 10% Vclamp to 10% IC 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity 
of these 


terms. 


For 
the 
designer, 
there 
is 
minimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses occur 
during 
the 
crossover 
interval 
and 
can be obtained using the standard equation from AN-222: 


PSWT = 1/2 VCCIC(tclf 
In general, trv + tfi "" tc' However, at lower test currents 


this relationship may not be valid. 
As is common with most switching transistors. resistive 
switching 
is specified at 250C and has become a bench· 


mark 
for 
designers. 
However. 
for 
designers 
of 
high 
frequency 
converter 
circuits, 
the user oriented specifica- 
tions which 
make this a "SWITCH MODE" 
transistor 
are 


the 
inductive 
switching 
speeds (tc and tsvl 
which 
are 


guaranteed at 1000C. 
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The Safe 
Operating 
Area 
figures 
shown 
in Figures 
12 and 
13 
are 


specified 
for these 
devices 
under the test 
conditions 
shown. 
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FORWARD 
BIAS 
There 
are two 
limitations 
on the power 
handling 
ability 


of 
a transistor: 
average 
junction 
temperature 
and 
second 


breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 


limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 


operation: 
i.e., 
the 
transistor 
must 
not 
be 
subjected 
to 


greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of Figure 
12 is based 
on TC = 250C; 
TJ(pk) 
is variable 
depending 
on power 
level. 
Second 
breakdown 


pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 


derated 
when 
TC ;;;. 250C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 


current 
at the 
voltages 
shown 
on Figure 
12 may 
be found 


at 
any 
case 
temperature 
by 
using 
the 
appropriate 
curve 
on Figure 
14. 
. 


TJ(pkl 
may 
be calculated 
from 
the 
data 
in Figure 
11. 


At high 
case temperatures. 
thermal 
limitations 
will reduce 


the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 


limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 


For 
inductive 
loads, 
high 
voltage 
and 
high 
current 


must 
be 
sustained 
simultaneously 
during 
turn-off, 
in 


most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 


biased. 
Under 
these 
conditions 
the 
collector 
voltage 


must 
be held 
to a safe level at or below 
a specific 
value 
of 


collector 
current. 
This 
can 
be 
accomplished 
by 
several 


mean.s 
such 
as 
active 
clamping, 
RC snubbing, 
load 
line 


shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 


as 
Reverse 
Bias 
Safe 
Operating 
Area 
and 
represents 
the 
voltage-current 
conditions 
during 
reverse 
biased 
t~rn-off_ 


This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the 
device 
is never subjected 
to an avalanche 
mode. 
Figure 
13 gives R BSOA characteristics. 
. 


® MOTOROLA 


SWITCHMODE 
II SERIES 


NPN SILICON 
POWER 
TRANSISTORS 


The BUS 98 
and BUS 98A 
transistors 
are designed 
for high- 


voltage, 
high-speed, 
power switching 
in inductive 
circuits 
where fall 


time is critical. 
They are particularly 
suited for line-operated 
switch- 


mode applications 
such as: 


• 
Switching 
Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Motor Controls 


• 
Deflection 
Circuits 


Fast Turn-Off 
Times 
60 ns Inductive 
Fall Time - 25°C (Typ) 
120 ns Inductive 
Crossover Time - 25°C (Typ) 


Operating Temperature 
Range - 65 to + 200°C 


100°C Performance Specified for: 


Reverse-Biased SOA with 
Inductive 
Loads 


Switching 
Times with 
Inductive 
Loads 
Saturation 
Voltages 
Leakage Currents (125°C) 


Rating 


Collector-Emitter 
Voltage 


Collector-Emitter 
Voltage 


Emitter 
Base Voltage 


Collector 
Current 
- 
Continuous 
- 
Peak(1) 


- 
Overload 


Base Current 
- 
Continuous 


-Peak(ll 


Total 
Power 
Dissipation 
- T C = 
2S:C 


Oerate above 25°C 
-TC=100 
C 


Symbol 
BUS98 
BUS98A 
Unit 


VCEO(sus) 
400 
450 
Vde 


VCEV 
850 
1000 
Vde 


VEB 
6 
Vde 


IC 
30 
Ade 
'CM 
60 
101 
120 


18 
10 
Ade 
IBM 
30 


Po 
250 
Watts 
142 
1.42 
W/oC 


TJ, Tstg 
°c 
-65to+200 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
AWC 
0.7 
°CIW 
Junction 
to Case 


Maximum 
Lead Temperature 
TL 
275 
°C 
for Soldering 
Purposes: 
1/8" 
from 
Case for 5 Seconds 


BUS 98 
BUS 98A 


30 AMPERES 


NPN SILICON 
POWER 
TRANSISTORS 


450 
VOLTS 


250 
WATTS 


850-'000 
VOLTS IVees) 


Designer's 
Oat8 for 
"Worst 
Case" 
Conditions 


The Designers· 
Data Sheet permits 
the 


design of 
most 
circuits 
entirely 
from 


the 
information 
presented. 
Limit data 


- 
representing 
device 
characteristics 


boundaries 
- 
are 
given 
to 
facilitate 


"worst 
case" 
design. 
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Collector-Emitter 
Sustaining Voltage 
(Table 
1) 
VCEO(sus) 
Vde 
(lc =200 
mA, IB =0) 
L=25 
mH 
BUS98 
400 
- 
- . 


BUS98A 
450 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 
(VCEV = Rated Value, VBE(off) 
= 1.5 Vdcl 
• 
- 
- 
0.4 


(VCEV = Rated Value, VBE(off) 
= 1.5 Vde, TC = 125 Cl 
- 
- 
4.0 


Collector 
Cutoff 
Current 
ICER 
mAdc 
(VCE = Rated VCEV, RBE = 10 n) 
TC= 
25·C 
- 
- 
1.0 
TC=125·C 
- 
- 
6.0 


Emitter 
Cutoff 
Current 
lEBO 
mAde 
(VEB=5Vde,lc=01 
0.2 


Emitter-base 
breakdown 
Voltage 
VEBO 
(IE = 100 mA -Ic 
=0) 
6.0 
Vde 


Second Breakdown 
Collector 
Current 
with Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse Biased 


See Figure 12 


See Figure 13 


DC Current 
Gain 
hFE 
- 
(lc = 20 Ade, VCE = 5 Vde) 
BUS98 
8 
- 
- 
(lC= 
16 Ade, VCE =5 
VI 
BUS98A 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
Vde 
(lC =20 
Ade, IB =4 
Ade) 
- 
- 
1.5 


(lC=30 
Ade,IB 
=8 
Adel 
BUS98 
- 
- 
3.5 
(lc = 20 Ade, IB =4 
Ade, T e = 100·C) 
- 
- 
2.0 


(lC= 
16 Ade,IB 
=3.2 
Adel 
- 
- 
1.5 
(lC=24 
Ade,IB=5 
Adel 
BUS98A 
- 
- 
5.0 
(lc = 16 Ade, IB =3.2 
Ade, Te = 100·CI 
- 
- 
2.0 


Base-Emitter 
Saturation 
Voltage 
VBE(sat) 
Vde 
(lc = 20 Ade, IB =4 Ade) 
BUS98 
- 
- 
1.6 
lIC =20 
Ade, IB =4 
Ade, T e = 100·C) 
- 
- 
1.6 


(lC= 
16 Ade, IB =3.2 
Adcl 
BUS98A 
- 
- 
1.6 
(lc=16Ade,IB=3.2Ade, 
Te=100·CI 
- 
- 
1.6 


Delay Time 
td 
- 
0.1 
0.2 
I'S 


Rise Time 
(VCC=250 
Vde,IC=20A, 
tr 
- 
0.4 
0.7 
IBI =4.0A, 
tp=30l's, 
Storage Time 
Outy Cycle ';;;2·10, VBE(off) 
=5 
VI 
ts 
- 
1.55 
2.3 


Fall Time 
(for BUS98A : IC = 16A, Ibl 
= 3.f!AI 
tf 
- 
0.2 
0.4 


Storage Time 
IC(pk) =20A 
] 
tsv 
- 
1.55 
- 
1'5 


Fall Time 
Ibl 
=4A 
(BUS98) 
(TC =25·C) 
tfi 
- 
0.06 
- 


Storage Time 
VBE(offl 
= 5 V, 
tsv 
- 
1.8 
2.8 


Crossover Time 
VCE(cl1 =250 
V) 
(TC = 100·CI 
0.3 
0.6 
IC(pk) = 16AJ 
te 
- 
(BUS98A) 
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1Bl =3.2A 
tfi 
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0.17 
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INDUCTIVE 
SWITCHING 
MEASUREMENTS 


Ie pk 
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• 75 o. Equl"'.'.n' 


IS1 
edlu"ed 
to 
oble,n the forced 


hFE 
desired 


TURN 
OFF 
TIME 
Us. ""IduCI''''. switching 
d"",.r •• the input to 
the ,.,ilt,,,,. 
t•• , circuit 


Vce' 
250V 


RL·8311 


PulseWtdth 
10 ••s 


l-{3f 
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./ 
Ie = 20 A 
V 
/" 
~ 
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./ 
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VBE(off). 
BASE·EMITTER 
VOLTAGE 
(VOLTS) 


In 
resistive 
switching 
circuits, 
rise, 
fall, 
and 
storage 


times 
have 
been 
defined 
and 
apply 
to 
both 
current 
and 


voltage 
waveforms 
since 
they 
are 
in 
phase. 
However, 


for 
inductive 
loads 
which 
are common 
to SWITCHMODE 
power 
supplies 
and 
hammer 
drivers, 
current 
and 
voltage 


waveforms 
are not 
in phase. 
Therefore, 
separate 
measure- 


ments 
must 
be 
made 
on 
each 
waveform 
to 
determine 


the 
total 
switching 
time. 
For 
this 
reason, 
the 
following 


new terms 
have been defined. 


tsv = Voltage 
Storage 
Time, 
90% 
IB1 to 10% Vclamp 


trv = Voltage 
Rise Time, 
10-90% 
Vclamp 
tfi 
= Current 
Fall Time, 
90-10% 
IC 


tti 
= Current 
Tail, 
10-2% 
IC 


tc 
= Crossover 
Time, 
10% Vclamp 
to 10% IC 
An enlarged 
portion 
of the inductive 
switching 
waveforms 


is shown 
in Figure 
7 to aid 
in the 
visual 
identity 
of these 


terms. 


For 
the 
designer, 
there 
is 
minimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses 
occur 
during 
the 
crossover 
interval 
and 


can be obtained 
using the standard 
equation 
from 
AN-222: 


PSWT = 1/2 VCCIC(tclf 
In general, 
trv + tfi "" tc' 
However, 
at lower 
test currents 
this relationship 
may not 
be valid. 


As is common 
with 
most 
switching 
transistors. 
resistive 


switching 
is specified 
at 
250C 
and 
has 
become 
a bench- 


mark 
for 
designers. 
However. 
for 
designers 
of 
high 


frequency 
converter 
circuits. 
the 
user 
oriented 
specifica· 


tions 
which 
make 
this 
a "SWITCHMODE" 
transistor 
are 


the 
inductive 
switching 
speeds 
(tc 
and 
tsvl 
which 
are 
guaranteed 
at 1000C. 


\ 


TC 
loo 


Oe 
-- 
TC 
2S0C 


~f=5 


..•..••...... 


TC = 2S0C 
.•...r--. 


Ie = 20 A 
T" - 


Vbe(off) = 5v 


r-.::' -I-- 
Tfi 
- 


I-- 


TC 
100°C 


" 


s;;:- 


•..•... 


TC= 
lcJoC 
--- --:::::. :::;- 


Te = 25°C 


TC 
25°C 


-to 


_tfi 


~f=5 


0.3 


~ 
0.2 
'"" 
i= 
0.1 


...•••....•.••.... 
TcC~~~;- 
T" r----I-- 


Bf "" 5 


"- 
•••••.. 
T, 


"'" 
~fi 


r-.......... 
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The Safe 
Operating 
Area 
figures 
shown 
in Figures 
12 and 
13 are 


specified 
for these 
devices 
under the test 
conditions 
shown. 
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TC, CASE TEMPERATURE 
lOCI 


FORWARD 
BIAS 


There 
are two 
limitations 
on the power 
handling 
ability 


of 
a transistor: 
average 
junction 
temperature 
and 
second 


breakdown, 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 


limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 


operation, 
i,e" 
the 
transistor 
must 
not 
be subjected 
to 


greater 
dissipation 
than 
the curves 
indicate, 


The 
data 
of Figure 
12 is based 
on TC 
= 250C; 
TJ(pk) 
is variable 
depending 
on power 
level. 
Second 
breakdown 


pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 


derated 
when 
TC ;;. 250C, 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
limitations, 
Allowable 


current 
at the 
voltages 
shown 
on Figure 
12 may 
be found 


at 
any 
case 
temperature 
by 
using 
the 
appropriate 
curve 
on Figure 
14, 


TJ(pkl 
may 
be calculated 
from 
the 
data 
in Figure 
11. 


At high case 
temperatures, 
thermal 
limitations 
will reduce 


the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown, 


REVERSE 
BIAS 


For 
inductive 
loads, 
high 
voltage 
and 
high 
current 


must 
be 
sustained 
simultaneously 
during 
turn·off, 
in 


most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 


biased, 
Under 
these 
conditions 
the 
collector 
voltage 


must 
be held 
to a safe level at or below 
a specific 
value 
of 


collector 
current, 
This 
can 
be 
accomplished 
by 
several 


means 
such 
as 
active 
clamping, 
RC snubbing, 
load 
line 


shaping, 
etc, 
The 
safe 
level 
for 
these 
devices 
is specified 


as 
Reverse 
Bias 
Safe 
Operating 
Area 
and 
represents 
the 


voltage·current 
conditions 
during 
reverse 
biased 
t~rn·off, 


This 
rating 
is verified 
under 
clamped 
conditions 
so that 


the 
device 
is never 
subjected 
to an avalanche 
mode, 
Figure 
13 gives R BSOA characteristics. 
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SS1 


Rbe 
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OlSOA 


OlSOA 
applies 
when 
maximum 
collector 
current 
is 
limited 
and 
known . .Agood 
example 
is a circuit 
where 
an 
inductor 
is inserted 
between 
the 
transistor 
and 
the 
bus, 
which 
limits 
the rate of rise of collector 
current 
to a known 


value. 
If the transistor 
is then 
turned 
off within 
a specified 
amount 
of time, 
the magnitude 
of collector 
current 
is also 
known. 


Maximum 
allowable 
collector-emitter 
voltage 
versus 
collector 
current 
is plotted 
for several 
pulse widths 
(Pulse 
width 
is defined 
as the time lag between 
the fault condition 
and the removal 
of base drive). 
Storage 
time 
of the transis- 
tor 
has been 
factored 
into 
the 
curve. 
Therefore, 
with 
bus 
voltage 
and 
maximum 
collector 
current 
known. 
Figure 
16 
defines 
the 
maximum 
time 
which 
can be allowed 
for fault 
detection 
and shutdown 
of base drive. 


OlSOA 
is measured 
in a common-base 
circuit 
(Figure 
18) 
which 
allows 
precise 
definition 
of 
collector 
emitter 
voltage 
and 
collector 
current. 
This 
is the 
same cir- 


. cuit 
that 
is used 
to 
measure 
forward-bias 
safe 
operating 
area. 


Notes: 


• 
VeE=Vee+VSE 
• 
Adjust 
pulsed 
current 
source 
for desired 
Ie, tp 


® MOTOROLA 


SWITCHMODE 
SERIES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


WITH 
BASE-EMITTER 
SPEEDUP 
DIODE 


The BUT 13 Darlington transistor is designed for high-voltage, 
high-speed, power switching 
in inductive circuits where fall time is 
critical. 
They are particularly 
suited for line-operated switchmode 
applications such as: 


• 
AC and DC Motor Controls 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Fast Turn-Off Times 
300 nS Inductive Fall Time at 25°C (Typ) 
1.1 /.lS Inductive Storage Time at 25°C iTyp) 


• 
Operating Temperature Range - 65 to 200°C 


Rating 
Symbol 
Unit 


Collector-Emitter 
Voltage 
VCEOi5u51 
400 
Vdc 
c-' 


Collector-Emitter 
Voltage. 
VCEV 
600 
Vdc 


Emitter 
Base Voltage 
VEB 
10 
Vdc 


Collector 
Current 
Adc 


- 
Continuous 
IC 
28 


_. Peak 1'1 
ICM 
35 


Base Current 
Adc 


- 
Continuous 
IB 
6 


- 
Peaki'l 
IBM 
7.5 


Free Wheel 
Diode: 
Adc 
Forward 
current 
~ Continuous 
IF . 
28 


- 
Peak 
IFM 
35 


Total 
Power 
Dissipation@Tc 
- 25°C 
Po 
175 
Watts 


@TC ~ 100°C 
100 
Derate above 25°C 
W/oC 


Operating 
and Storage 
Junction 
TJ' T519 
°c 
Temperature 
Range 
-6510+200 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
R8JC 
°C/W 
Junction 
to Case 
1.0 


Maximum 
Lead Temperature 
TL 
°C 
for Soldering 
Purpose: 
1/8" 
from 
Case for 5 Seconds 
275 


BUT 13 


28 AMPERES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


The Designers 
Data Sheet 
permits 
the 
design of most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 


- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 
"worst 
case" 
design. 
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Collector-Emitter 
Sustaining 
Voltage 
(Table 
11 
VCEO(susl 
Vde 
(lC = 
100 
mA. IB = 01 
400 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 
(VCEV 
= Rated Value. VBEloffl 
= 1.5 Vdel 
- 
- 
0.1 
. 


(VCEV 
= Rated Value. VBEloffl 
= 1.5 Vde. TC = 100° 
C 
- 
- 
2.0 


Emitter 
Cutoff 
Current 
lEBO 
mAde 
IVEB = 2.0 V. IC = 01 
- 
- 
175 


Second 
Breakdown 
Collector 
Current 
wIth 
base forward 
biased 


Clamped 
Inductive 
SOA with 
Base Reverse 
Biased 


See Figure 16 


See Figure 1 7 


DC Current 
Gain 
hFE 
(lC = 
10 A. VCE = 5 VI 
30 
- 
- 


(lC = 
1B A. VCE 
= 5 VI 
20 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(sati 
Vde 
(lC = 
10 A. IB = 0.5 
AI 
- 
- 
2.0 
(lC = 
lB 
A.IB 
= 
1.B AI 
- 
- 
2.5 


(lC = 22 A. IB = 2.2 AI 
- 
- 
3.0 
(lC = 2B A. IB = 5.6 AI 
- 
- 
5.0 


Base-Emitter 
Saturation 
Voltage 
VBE(sal1 
Vde 
(lC = 
10A.IB=0.5AI 
- 
- 
2.5 
, 


IIC = 
1B A. IB = 
1.8 AI 
- 
- 
3.0 
(lC 
= 
22 A. IB = 2.2 AI 
- 
- 
33 


Diode Forward 
Voltage 
Vf 
Vde 
(IF = 22 AI 
- 
- 
4.0 


Storage 
Time 
See Table 
1 
ts 
- 
1 1 
26 
I'S 


Fall Time 
TC = 25°C 
IC = 
18 A 
0.3 
0.8 
If 
- 
I'S 


Storage 
Time 
IBl 
= 
1.8 A 
ts 
- 
1.4 
- 
I'S 


Fall Time 
TC = 
100°C 
VBE(offl 
= 5V 
tf 
- 
0.33 
- 
I'S 
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FORWARD 
BIAS 


There ara two limitations 
on the power handling ability 
of a transistor: 
avarage junction temperatura 
and second 
braakdown. 
Safe opereting erea curves indicete IC-VCE 
limits of the transistor that must be observed for raliabla 
operation, 
i.e., 
the transistor 
must 
not 
be subject 
to 
grater dissipation than the curves indicate. 


The data of Figure 16 is based on TC = 25°C; TJlpkl is 
variable depending on power leye!. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;;: 25°C. Second breakdown 
limitations 
do not derate the same as thermal limitations. 
Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperatufe 
by using the appropriate 
curve 
on Figure 18. 


TJ(pkl may be calculated from the data in Figure 5. At 
high case temperatures, 
thermal 
limitations 
will reduce 
the power that can be handled to values less than the 
limitations 
imposed by second breakdown. 


REVERSE BIAS 


For inductive loads, high voltage and high current must 
be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, with the base to emitter junction 
reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific 
value of collector 


current. This can be accomplished by several means such 
as active clamping, 
RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating 
Area and represents 
the voltage- 


current 
condition 
allowable 
during reverse biased turn- 
off. 
This rating is verified under clamped conditions 
so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 
• 


® MOTOROLA 


SWITCHMODE 
SERIES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


WITH 
BASE-EMITTER 
SPEEDUP 
DIODE 


The BUT 14 Darlington transistor is designed for high-voltage, 


high-speed, power switching in inductive circuits where fall time is 
critical. 
They are particularly sUited for line-operated switch mode 


applications such as: 
Ql 


• 
AC and DC Motor Controls 


• 
Switching Regulators 
0- 
./ 


• 
Inverters 
m 


• 
Solenoid and Relay Drivers 


• 
Fast Turn-Off Times 
• 100 
• 
16 


300 nS"lnductive Fall Time at 25°C ITyp) 
1.31'5 
Inductive Storage Time at 25°C (Typl 


• 
Operating Temperature Range - 65 to 200°C 


Rating 
Symbol 
Unit 


Collector-Emitter 
Voltage 
VCEOlsusl 
500 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
Vdc 


Emitter 
Base Voltage 
VE8 
10 
Vdc 


Collector 
Current 
Adc 
~ 
Continuous 
'C 
25 
- 
Peaklll 
'CM 
35 


Base Current 
Adc 


- 
Continuous 
'8 
5 


_ 
Peak 111 
IBM 
7.5 


Free Wheel 
Diode: 
I 
Adc 
I 


Forward 
current 
- 
ContllluOUS 
IF 
25 


-- Peak 
'FM 
35 


Total Power Dissipation @Te ~ 25°C 
PD 
175 
Watts 


@TC = 
100°C 
100 
Derate above 25°C 
WloC 


Operating 
and Storag~ 
Junction 
TJ' Tstg 
°c 
Temperature 
Range 
-6510 
+200 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
ReSistance, 
ReJC 
°CIW 
Junction 
to Case 
1.0 


\ 


Maximum'Lead 
Temperature 
TL 
°c 
for Soldenng 
Purpose: 


1/8" 
from 
Case 
for 5 Seconds 
275 


25 AMPERES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


The 
Designers 
Data 
Sheet 
permits 
the 
deSIgn 
of 
most 
Circuits 
entirely 
from 


the 
information 
presented. 
limit 
data 


- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 
"worst 
case" 
design. 
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Collector 
Emitter 
Sustaining 
Voltage 
(Table 
1) 
VCEOI5u51 
Vde 
(lC = 100 
mA, 
IB = 01 
500 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 
IVCEV 
~ Rated Value, 
VBEloffi 
0 
1 5 Vdel 
- 
- 
0.2 
IVCEV 
= Rated Value, 
VBElo!ff 
.- 
1.5 Vde, 
TC = 100° 
C 
- 
- 
2.0 


Emitter 
Cutoff 
Current 
lEBO 
mAde 
IVEB 
= 2.0 
V, IC = Ol 
- 
- 
175 


Second 
Breakdown 
Collector 
Current 
with 
base forward 
biased 


Clamped 
Inductive 
SOA 
with 
Base Reverse 
Biased 


.See Figure 
16 


See Figure 
1 7 


r;;'~~-: 
~~-=!';~ 
- 
25 


• 
29 
33 
---- 


VI 


- 
- 
i 
40 


DC Current 
Gain 
(lC = 
B A, VCE = 
5 VI 


(lC = 
16 A, VCE = 5 VI 


Collector· 
EmItter 
SaturatIon 
Voltage 


(IC 
= 
B A, 18 = 0.4 
AI 
(lC 
= 
16 A, 18 -= 
1.6 AI 
(lC = 20 A, 18 = 2.0 
AI 
IIC = 25 A, 18 ~ 
5 AI 
-- 


Base-Emitter 
Saturation 
Voltage 


(lC = 
8 A, 18 = 0.4 
Al 
(lC 
= 
16 A, 18 ~ 
1.6 Al 


(lC = 20 A, 18 
0 
2 AI 


Storage 
Time 
See Table 
~ 
t5 
- 
1.3 
2.8 
1'5 


Fall Time 
TC = 25°C 
IC ~ 
16 A 
tf 
- 
0.3 
0.8 
1'5 


Storage 
Time 
181 
= 
1.6 A 
t5 
- 
1.5 
- 
1'5 
1-------- 
TC = 
100°C 
0.35 
Fall Time 
V8Eloffi 
~ 
5 V 
tf 
- 
- 
1'5 


400 


200 


100 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation, 
i.e" 
the transistor 
must not be subject to 
grater dissipation than the curves indicate. 


The data of Figure 16 is based on TC = 25°C; TJ(pkl is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;: 25°C. Second breakdown limitations 
do not derate the same as thermal limitations, Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperature by using the appropriate curve 
on Figure 18, 


TJ(pkl may be calculated from the data in Figure 5, At 
high case temperatures, 
thermal limitations 
will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown, 


For inductive loads, high voltage and high current must 
be sustained simultaneously 
during 
turn-off, 
in most 
cases, with the base to emitter junction reverse biased, 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc, 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics, 
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The BUT 15 Darlington transistor is designed for high-voltage, 


high-speed, power switching in inductive circuits where fall time is 
critical. 
They are particularly 
suited for line-operated switchmode 
applications such as: 


• 
AC and DC Motor Controls 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Fast Turn-Off Times 


300 nS Inductive Fall Time at 25°C ITypl 
1.2 I'S Inductive Storage Time at 25°C ITyp) 


• 
Operating Temperature Range - 65 to 200°C 
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Symbol 
U.,it 


Collector-Emitter 
Voltage 
VCEOlsus) 
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Vde 


Collector-Emitter 
Voltage 
VCEV 
1000 
Vde 


Emitter Base Voltage 
VES 
10 
Vde 


Collector 
Current 
Ade 


- 
Continuous 
IC 
20 


- 
Peak (1) 
ICM 
25 


Base Current 
Ade 


- 
Continuous 
IS 
5 


- 
Peakll) 
ISM 
10 


Free Wheel 
Diode: 
Ade 


Forward current 
- 
Continuous 
IF 
20 


- 
Peak 
IFM 
25 


Total 
Power 
Dissipation 
@ TC = 25°C 
Po 
175 
Watts 


@TC = 
100°C 
100 
Derate 
above 
2 SOC 
W/oC 


Operating 
and Storage 
Junction 
TJ. Tsig 
°c 
Temperature 
Range 
-65to+200 


Characteristic 
Symbol 
Ma. 
Unit 


Thermal 
Resistance, 
ReJC 
°C/W 
Junction 
to Case 
1.0 


Maximum 
Lead Temperature 
TL 
°c 
for Soldering 
Purpose: 


1/8" 
from 
Case 
for 5 Seconds 
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20 AMPERES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


The 
Designers 
Data 
Sheet 
permits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 


- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 


"worst 
case" 
design. 
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Sustaining 
Voltage 
(Table 
1) 
VCEOlsusl 
Vde 
IIC = 
100 
mA, IB = 01 
700 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 
IVCEV = Rated Value, 
VBE{offi 
= 
1.5 Vde) 
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0.1 
IVCEV = Rated Value, VBEloffl 
= 
1.5 Vde, TC = 
1000CI 
- 
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Cutoff 
Current 
lEBO 
mAde 
IVEB = 2,0 
V, IC = 0) 
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- 
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Second 
Breakdown 
CoHector 
Current 
with 
base forward 
biased 


Clamped 
Inductive 
SOA 
with 
Base Reverse 
Biased 


See Figure 16 
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.- 
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There are two limitations.on the power handling ability 
of a transistor: 
average junction temperature and second 
breakdown_ Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation. 
Le.• the transistor 
must not be subject 
to 
grater dissipation than the curves indicate_ 


The data of Figure 16 is based on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC &i:; 25°C. Second breakdown limitations 
do not derate the same as thermal limitations_ Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 


TJlpk) may be calculated from the data in Figure 5. At 
high case temperatures, 
thermal limitations 
will reduce 
the power that can be handled to value~ less than the 
limitations imposed by second breakdown_ 


For inductive loads, high voltage and high current must 
be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc_ 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode_ 
Figure 17 gives the RBSOA characteristics. 
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The BUT 16 Darlington transistor 
is designed for high·voltage, 
high·speed, power switching 
in inductive circuits where fall time is 
critical. 
They are particularly 
suited for line·operated switchmode 
applications such as: 


• 
AC and DC Motor Controls 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Fast Turn·Off Times 
2.0 uS Inductive Fall Time at 100°C (Typl 
0.8 uS Inductive Storage Time at 100°C (Typl 


• 
Operating Temperature Range - 65 to 175°C 


Rating 
Symbol 
Unit 


Collector-Emitter 
Voltage 
VCEOlsus, 
1000 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
1400 
Vdc 


Emitter 
Base Voltage 
VEB 
10 
Vdc 


Collector 
Current 
Adc 
- 
Continuous 
IC 
'2 


- 
Peakll' 
ICM 
20 


Base Current 
Adc 


- 
Continuous 
IB 
8 


- 
Peakl') 
IBM 
10 


Free Wheel Diode: 
Adc 


Forward current 
- 
Continuous 
IF 
12 


- 
Peak 
IFM 
20 


Total 
Power Dissipation 
@TC = 25°C 
PD 
150 
Watts 


@TC = 
'OO°C 
75 
Derate ~bove 25°C 
W/oC 


Operating 
and Storage 
Junction 
TJ' Ts,g 
°c 
Temperature 
Range 
-65'0+175 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
RGJC 
°C/W 
Junction 
to Case 
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Lead Temperature 
TL 
°c 
for Soldering 
Purpose: 


lIS" 
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Case for 
5 Seconds 
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TRANSISTORS 


Designer's 
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"Worst 
Case" 
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The Designers 
Data Sheet permits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 


- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 


"worst 
case" 
design. 
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Collector· 
Emitter 
Sustaining 
Voltage 
(Table 
1) 
VCEOlsusl 
Vde 
(lC = 
100 
mA, 
IB = 01 
1000 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 
(VCEV = Rated Value, 
VBE(offl 
= 
1.5 Vdel 
- 
- 
0.1 
(VCEV = Rated Value, 
VBE(offl 
= 
1.5 Vde, TC = 
100·CI 
- 
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Emitter 
Cutoff 
Current 
lEBO 
mAde 
(VEB = 2.0 
V, IC = 01 
- 
- 
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Second 
Breakdown 
Collector 
Current 
with 
base forward 
biased 


Clamped 
Inductive 
SOA 
with 
Base Reverse 
Biased 


See Figure 
16 


See Figure 
17 
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There ere two limitations 
on the power handling ability 
of a transistor: 
average junction temperature 
and second 
breakdown. 
Safe operating area curves Indicate IC-VCE 


limits of the transistor 
that must be obsarved for reliable 
operation, 
I.e., the transistor 
must 
not 
be subject 
to 
grater dissipation than the curves indicate . 


The data of Figure 16 is besed on TC = 25°C; TJ(pk) is 
variable depending 
on power level. Second breekdown 
pulse limits are velid for duty cycles to 10% but must be 
derated when TC ii: 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. 
Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperature 
by using the appropriate 
curve 
on Figure 18. 


TJ(pk) may be calculated from the data in Figure 5. At 
high case temperatures, 
thermal 
limitations 
will reduce 
the power that can be handled to values less than the 
limitations 
imposed by second breakdown. 


For inductive loads, high voltage and high current must 
be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, with the base to emitter junction 
reverse biased. 
U(lder these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as·Reverse 
Bias Safe Operating 
Area and represents 
the voltage- 
current 
c6ndition 
allowable 
during reverse biased turn- 


off. 
This rating is verified 
under clamped conditions 
so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 
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® MOTOROLA 


SWITCHMODE 
SERIES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


WITH 
BASE-EMITTER 
SPEEDUP 
DIODE 


The BUT33 Darlington transistor 
IS designed for high-voltage. 


high-speed, 
power 
switching 
in inductive 
circuits 
where 
fall 
time 
is 
critical. 
They are particularly suited for line operated sWltchmode 


applications 
~uch as. 


• 
AC and DC Motor Controls 


• 
SWitching Regulators 


• 
Inverters 


• 
Solenoid 
and 
Relay 
Drivers 


• 
Fast Tum·Off Times 
800 nS Inductive Fall Time at 25°C ITypl 
2.0 I'S Inductive Storage Time at 25°C (Typl 


• 
Operating Temperature Range 
65 to 200°C 


I;- - 
i 
Watts 
i 
I 
W."C 


--I' 
'C 


___~~~~~I -+ 
~a. 
. r 
U~_i:_ 


ROJC 1 
0.7 --t- 
uC'W 


TL 
i 
I 
°c 


275 
I 


Maximum 
Lead Temperature 
for Soldering Purpose' 
1/8" 
from 
Case 
for 5 Seconds 


BUT 33 


56 AMPERES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


Designer's 
Data 
for 
"Worst 
Case" 
Conditions 


The DeSIgners Data Sheet permits 
the 
deSIgn of 
most 
circuits 
entirely 
from 
the tnformation presented. 
limit 
data 


- 
representing 
deVice 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 
"worst 
case" 
deSIgn. 


STYlE1 


PIN 
1 
8ASE 


) 
(MITTER 


CASE 
cou£CrOR 


25°C unless otherwise 
noted) 


Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 
1) 
IVCEO(susl 
Vde 
IIC ~ 
100 mA, 
IB ; 
Q) 
400 
- 
- 
-- 
- 


Collector Cutoff 
Current 
I 


ICEV 
mAde 
IVCEV 
= Rated Value, 
VBEloffl 
1.5 Vde) 
.- 
02 
IVCEV 
= Rated Value, 
VBElof!1 
-- 
1.5 Vde, TC = 
100·C) t 


- 
- 
4.0 
- 
--- 


EmItter Cutoff 
Current 
lEBO 
mAde 
IVEB = 2.0 
V 
IC .. 01 
- 
350 


See Figur~_1_6 
_ 


See Figure 
17 


DC Current Gain 
hFE 
-4- 


IIC 
-- 20 A, VCE 
.. 
5 VI 
30 


IIC 
= 
36 A, VCE 
= 5 VI 
20 
- 
--------- --------- 
-- -- 
-- 


Collector Emitter Saturatlon 
Voltage 
VCElsatl 
Vde 


IIC 
20 A. IB 
1 AI 
- 
2.0 
IIC 
36 A. IB 
3.6 
AI 
- 
-- 
2.5 
(lC 
44 A. IB 
4.4 
AI 
- 
3.0 
(lC 
56 A. IB 
11.2 
AI 
- 
5.0 
--_._-- 


Base-Emitter 
Saturation 
Voltage 
VBElsat) 
Vde 


IIC 
= 20 A, IB 
1 AI 
-- 
2.5 


"C 
-- 
36 A. 16 = 3.6 
AI 
2.9 
(lC 
-- 
44 A. IB - 
4.4 
AI 
- 
-- 
3.3 
---------------------------- 


DIode Forward Voltage 
Vt 
Vde 


IIF 
= 44 AI 
-- 
40 


Storage 
Time 
IC = 
36 A 
Is 
2.0 
3.3 
/-IS 
_._-- 
-- 
TC 
25"C 
-- 
-- 


Fail Time 
See Table 1 
IB - 36A 
tt 
- 
O.B 
1.6 
/-IS 
------- 
--- 


Storage TIme 
ts 
- 
2.2 
- 
/-IS 
~--_._---- 
TC 
IOOuC 
Fall Tune 
VBEloffl 
5V 
tt 
-- 
O.B 
- 
/-IS 


400 


100 


100 


z 
" 


SO 


30 


10 
~. 
9 
10 
i 


'c 
15'( 


VCE-SOV 
I 


.;; 
15 


11 


~ " 


16 
i 


13 


~ 10 
l!,-C 
~ 
1 


100'( 
• 
I 


---l 
-- 
- 
I 


--- LT\ 
\ 
'" :::- 


Ie 
- 40A 
--, 
I 


I 


I-- 
lc·1oA 


i 
-- 


'c. 
25'( 


I 
i 
I 


0.1 
05 


" 
03 


0.2I 
- 
0.1 


~ 
0.07 


~ 
005 
.;; 
:< 0.03 


002 


r=O' 
05 


- 
, 


RBJCI.I 
•• itl RUlC 


A6JC{t} 
~ 1 \1 
0CIW 
Mill; 


~ 
02 
o CURVES 
APPLY FOR POWER 
PULSE TRAIN SHOWN 
.- 
READ 
TIME Atll 
f-- 
01 
- 


TJlpkl 
- TC' 
Pip", 
""Jcitl 
". 
t== DDS 
pErUl 


~DD{ 


001 
~ 
SINGLE 
~ULSE. 
t~.J 


I II 
DUTY CYCLE. 
0 • q/'2 


a ~ 
~:III: 
~07m;vcc = lOV 


G ~ 
Velamp"' 
VCEO(sus) 


leolt 
- 180 
tJH 
Reoll"'- 0 05 n 
VCC'" 
10 V 


, 
0- 


Inpul 


See Above tor 
Dfola.led Cond.llons 
vcd ,,-:C- 
LL 


T,me 


I 
I 


TC-25°C 
=--= 
~"!..-.-,= 


=p 


;::::: 
~"5OA 
_. 


\ \ 


- 
~4a·c 
- 


..•.••... ~ 
IC·25o' 


..•.••... 
/ 
IC ·15A 
1---- 


- 
- ~ 
I 
-- 


•......... 


IC-50._ 
f-- 
.............-~ 


I 


I 
.. 
-c--" 


TC-15°C 


I 


YBEloltl-5Y 


i 
I 
I 


12 •• lcOlI UCMI 


Vclamp 


TeSI EQulpmenl 
Scope 
- 
TekuoOill 


475 
or EQu.valenl 


TEST 
CIRCUIT 
to' 


FREE-WHEEL 
llI()ll( 


flt;:.~ 
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"0 
"0 
~;.aJl 
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§~ 


• ~ ,... 
. -...!2 


- . 
- 


\- -IC-151o 
'\. 


'\ 
"'- 


I 
I 


~ 


•.•..•.... 


""- 
- 
-+---t-- 
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10.l 
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: 
I 
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I 


I 
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---1 
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There are two limitations-on the power handling ability 


of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ie 'VeE 
limits of the transistor that must be observed tor reliable 
operation, I.e., the transistor must not be subject to 


grater 
dissipation 
than 
the 
curves 
indicate. 


The data of Figure 16 is basedon Te ; 
25°e; 
TJlpkl is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Te;;;: 25°e. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 16 may be found 


at any 
case 
temperature 
by using 
the 
appropflate 
curve 
on Figure 18. 


TJ(pkl may be calculated from the data In Figure 5. At 


high 
case 
temperatures. 
thermal 
Iimltattons 
will 
reduce 


the power that can be handled to values les, than the 


limitations 
imposed 
by second 
breakdown. 


~. 


\ 


For Inductive loads, high voltage and high current must 


be 
sustained 
simultaneously 
during 
turn-off. 
in 
most 


cases. 
with 
the 
base 
to emitter 
junction 
reverse 
biased. 


Underthese conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 


current. 
This 
can 
be accomplished 
by several 
means 
such 


as active 
clampIng. 
RC 
snubbing. 
load 
line shaping. 
etc. 


The 
safe 
level 
for 
these 
devices 
IS specified 
as 
Reverse 


Bias Safe Operating Area and represents the voltage 


current 
condition 
allowable 
during 
reverse 
biased 
turn 


off. 
This 
rating 
IS verified 
under 
clamped 
conditions 
so 


that 
the device 
IS never 
subjected 
to an avalanche 
rnode 


Figure 
17 
gives 
the 
RBSOA 
charactenstlcs 


® MOTOROLA 


SWITCH 
MODE 
SERIES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


WITH 
BASE-EMITTER 
SPEEDUP 
DIODE 


The BUT34 Darlington transistor is designed for high-voltage, 


high-speed, power switching in inductive circuits where fall time is 
critical. 
They are particularly 
suited for line-operated switchmode 
applications such as: 


• 
AC and DC Motor Controls 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Fast Turn-Off Times 
0.7 uS Inductive Fall Time at 25°C (Typl 
1.8 uS Inductive Storage Time at 25°C (Typl 


• 
Operating Temperature Range - 65 to 200°C 


Rating 
Symbol 
Unit 


Collector-Emitter 
Voltage 
VCEO(susl 
500 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
Vdc 


Emitter 
Base Voltage 
VEB 
10 
Vdc -- 


Collector 
Current 
Adc 


_. Continuous 
IC 
50 


- 
Peak(ll 
ICM 
75 


Base Current 
Adc 


- 
Continuous 
IB 
10 


- 
Peak 111 
IBM 
15 


Free Wheel 
Diode: 
Adc 
Forward current 
- 
Continuous 
IF 
50 


- 
Peak 
IFM 
75 


Total 
Power 
Dissipation 
@TC 
= 25DC 
Po 
250 
Watts 


@TC 
= 100DC 
140 
Derate above 25°C 
W/DC 


Operating 
and 
Storage 
Junction 
TJ' Tstg 
DC 


Temperature 
Rang~ 
.- 65 to 
+200 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
RQJC 
°C/W 
Junction 
to Case 
0.7 


Maximum 
Lead Temperature 
TL 
DC 


for Soldering 
Purpose: 


118" from Case for 5 Seconds 
275 


50 AMPERES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


The Designers 
Data Sheet 
permits 
the 
design of most 
circuits 
entirely 
from 
the information 
presented. 
limit 
data 


- 
representing 
device 
characteristics 
boundaries 
- 
are given 
to 
facilitate 
"worst 
case" design. 


Lr~ 
r~, 
ES[ATIN!+~_ , 


PLANE 


~ 


~'=::l 
, 
I 


~__ 
R 
" 
'. 
, 


STYlE 
I 
lOIN 1 
lASE 
2 EMITTER 
CASE COLLECTOIl 


MllllMETEIlS 
INCHES 


"M 
MI' 
MAX 
MIN 
MAX 


3931 
" .. 
1101 
0130 
, '" 
0 
'" 
, 
00]9 


'" 
•• 
3040 
'" 
, 
, , 


'" 
, , 
•••,.., 


CASE 197-01 
MODIFIED 
TO-3 


25°C unless otherwise notedl 


Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 
1r 
VCEOlsusl 
Vde 
IIc 
~ 
100 mA. IB : 
01 
500 
-' 
- 
--- 


Collector 
Cutoff 
Current 
ICEV 
mAde 
IVCEV 
:' 
Rated Value. 
VBEloffl 
.. 1.5 Vdel 
- 
- 
0.2 
IVCEV 
: 
Rated Value. 
VBEloffi 
: 
1.5 Vde. TC 
c 
100· 
CI 
- 
- 
4.0 


Emitter 
Cutoff 
Current 
lEBO 
mAde 


IVEB 
: 
2.0 V. IC : 
01 
- 
350 


Second 
Breakdown 
Collpctor 
Current 
with 
base forward 
biased 


Clamped 
Inductive 
SOA with Base Reverse BIased 


See Figure 
16 


See Figure 17 


DC Current 
Gain 
hFE 
IIC " 
16 A. VCE 
5 VI 
30 
IIC 
: 
32 A. VCE 
5 VI 
15 
- 
- 
-------------------- 


Collt!ctor-Emltter 
Saturation Voltage 
VCElsall 
Vde 
IIC - 
16 A. IB 
o B AI 
- 
2.0 


lie 
= 
32 A. IB 
32 
AI 
- 
3.0 


IIC 
: 
40 A. IB 
4 AI 
- 
- 
3.5 
lie 


.' 
50 A. IB 
10 AI 
- 
- 
5.0 


Base-Emitter 
Saturation 
Voltage 
VBElsati 
Vde 
IIC 
16 A. IB : 
O.B AI 
- 
2.5 


IIC 
: 
32 A. IB 
32 
AI 
2.9 


IIC 
= 40 A. IB 
4 AI 
- 
- 
3.3 
r-------------- 
..-. 


Diode Forward Voltage 
Vf 
Vde 


IIF - 40 AI 
- 
- 
4.0 


Storage T,me j 
See Table 1 
Is 
- 
1.B 
30 
ps 


Fall Time 
Te 
.. 25"C 
IC ~ 32 A 
tf 
0.7 
1.5 
ps 


~o~:.ge 
TI~;~~~ 
IBl 
: 
3.2 A 
ts 
- 
2.2 
- 
ps 
TC 
100·e 
-_. 


F-alt Time 
VBEloffi 
5 V 
tt 
O.B 
ps 


<0O 


200 


100 


~ 
50 


30 


20 
u~ 
10 


x 
I 


5 


-r-- 


-1 


i 


15 


12 


> 
19 


- 
16 
~ 


0 
13 


10 


> 


r-- -- -- 


I 


1\ 
I 
- - 
\ 
'" 


I 


"- 
-- 
--+--- 
"- 


Ie - 
40A 


I 


f--. 
IC-201\ 


Tc·2S"C 


I 
I 
I 


J1 


V, 


~28 
-J- 


- 21 


> 
i 


::; 11 
---+- 


i 


1 


- 
19 


m 


16 
25~-- r- 
> 


13 


07 


0.5 


~ 
~ 
0.3 


; 
~ 
0.2 
-" 
<Om 
20 
: 
~ 
0.1 


~ ~ 
0.07 


t;:;; 005 
~(;; 


::0. ~ 
0.03 


f=O' 
05 
, 
-t r 


R'JCltI 
• ,ill R'JC 


R8JCltl 
~ I 17 °elW 
Mu 


~ 
-- 
o CURVES APf'L V FOR POWER 
0.2 
PULSE TRAI~ SHOW~ 


V 
READ TIME At 11 
f-- 
01 
f- ••• 
TJlpkl 
TC· 
Pip", 
ReJCI,1 
~ 
1=0.05 
pEfUl 


~C.02- 


..Ie' 
001 
tt--J 
f-- 
SI~GLE PULSE 


I II 
DUTY 
CYCLE. 
0 
= q/12 


TEST 
CIRCUIT 


fo< 


FREE-WHEEL 
"'00< 


B ~ 
~~~)I'!1~O7~~ vCl 
, ov 


G ~ 
Vc:1amp 
VlEO!su~) 


rJ' 


: 
'Reo,. 


I 
IILO.I 


l 
JJ VCC 


'(l,0 
"~,,mped 


1--,. 
"I"- 


~ 


~~ 


I-< 


~'a 
~ 


l';1OllOOl1lC$ 
Jl 


'>0" 
~ ••• 
.• 
,.. 
-----!2 


I] 
"" lco,IOeM' 


VC1amp 


TeSI EQutprnenl 
Scope 
Telqron,. 
475 0' EQu•••.alenl 


,11f 
-lOOnS 
1(iA 
4,)IS_400nS1 , 


r 
~ 
--'- 


I 
~+-- 


-+- 
~-~-t- 


i 
I 
"·"·t-~I 


I 
I 


,1--\' 


'0 


lO(VDVNVFMl 
r-,," 


o 
o 
] 
J 
4 


IIEe 
[MIllER 
COllEr.TOR 
VOlTAGE 
IVOlTSI 


lmS 


~1O"S 


DC 
" 


'OO~S 
'I 


II 
" 


TC-2S 
GC 
I 
I 


z 


: 
3.0 


zo 


FORWARD 
BIAS 


There are two limitatibns 
on the power handling ability 
of a transistor: 
average junction temperature 
and second 
breakdown. 
Safe operating area curves indicate IC-VCE 
limits of the transistor 
that must be observed for reliable 
operation, 
i.e., 
the transistor 
must 
not 
be subject 
to 
grater dissipation 
than the curves indicate. 


The data of Figure 16 is based on TC = 25°C; TJ(pkl is 
variable depending 
on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TCc: 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. 
Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperature 
by using the appropriate curve 
on Figure 18. 


TJ(pkl may be calculated from the data in Figure 5. At 
high case temperatures. 
thermal 
limitations 
will reduce 
the power that can be handled to values less than the 
limitations 
imposed by second breakdown. 


REVERSE BIAS 


For inductive loads, high voltage and high current must 
be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, with the base to emitter junction 
reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, 
RC snubbing, 
load line shaping, etc". 
The safe level for these devices is specified as Reverse 
Bias Safe Operating 
Area and represents 
the voltage- 


current 
condition 
allowable 
during reverse biased turn- 


off. This rating is verified 
under clamped conditions 
so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 


@ MOTOROLA 


SWITCHMODE 
SERIES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


WITH 
BASE-EMITTER 
SPEEDUP 
DIODE 


The BUT35 Darlington transistor is designed for hlgh·voltage, 


high-speed. 
power switching 
in inductive 
circuits where fall time 
1$ 


critical. 
They 
are particularly 
suited 
for line-operated 
sWitch mode 


applications 
such as: 


• 
AC and DC Motor Controls 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Fast Turn·Off Times 


550 nS Inductive Fall Time at 25°C ITypl 
2.5 uS Inductive Storage Time at 25°C (Typl 


• 
Operating Temperature Range - 65 to 200°C 


Maximum lead Temperature 
for Soldering Purpose: 


1/8" from'tase 
for 5 Seconds 


40 AMPERES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


The Designers 
Data Sheet 
permits 
the 
desIgn 
of most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit data 


- 
representing 
device 
characteristics 


boundaries 
are 
given 
to 
facilitate 
"worst 
case" 
design. 


ST'I'Lfl 


PIN 
1 
BASE 
2 
EMITTEA 
CASE 
COLLECTOR 


MILLIMETERS 
INCHES 
OIM 
M" 
MAX 
MI. 
MAX 


~ 
~1 
I ~~O 
• 
1108 
0830 


C 
635 
'" -9~ ~ 
D 
099 
'" 


0039 
I-..L 
~g(j 
,., 


111-' 
Hit 
, 
Jii4ij 
, 
1061 
1118 
H2O 
0 ••• 


H 
5 
'" 


021D 
D220 


J 
16"6( 
111S 
06SS, 
0615 
, 1118 
Ill!! 
D .•.•O 
"eo 
tr I]:~~ 
I Ol.=:t ~~~~~ 


25aC 
unless otherwise noted) 


Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 
1) 
VCEO(sus) 
Vde 


IIC = 
100 
mA. 
IB = 0) 
700 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 
IVCEV = Rated Value. 
VBE(off) 
= 
1.5 Vde) 
- 
- 
0.2 


IVCEV = Rated Value, VBElolf) 
- 
15 
Vde, TC = 
100° 
CI 
- 
- 
4.0 
-- 
Emitter Cutoff 
Current 
lEBO 
mAde 
(VEB = 2.0 
V, IC = 0) 
- 
- 
350 


Second 
Breakdown 
Collector 
Gurrent 
with 
base forward 
biased 


Clamped 
Inductive 
SOA 
with 
Base Reverse 
Biased 


See Figure 
16 


See Figure 
1 7 


DC Current 
Gain 
hFE 
IIC = 
12 A, VCE = 5 VI 
30 


.. 
- 


IIC 
= 
24 A. VCE 
= 
5 V) 
15 
- 
- 


Collector E,mtter Saturation 
Voltage 
VCElsatl 
Vde 
IIC 
.- 
12 A, IB " 0.6 
AI 
- 
- 
2.0 
IIC 
.. 24 A. IB = 
24 
AI 
- 
- 
3.0 
IIC 
= 
32 A. IB 
3.2 
AI 
- 
- 
35 
IIC ~ 40 A. IB 
= 
8 AI 
- 
- 
5.0 
----- 


Base-Emitter 
SaturatIOn 
Voltage 
VBElsal) 
Vde 


IIC = 
12 A, IB = 0.6 
AI 
- 
.. 
2.5 
IIC 
•.. 
24 A. IB = 
24 
AI 
- 
2.9 
IIC 
= 
32 A. IB 
3.2 AI 
- 
- 
3.3 


Diode Forward Voltage 
VI 
Vde 
IIF = 
32 A) 
.. 
- 
4.0 


Storage 
Time 
See Table 1 
Is 
- 
- 
4.0 
/.IS 
~---_ 
.._-- 
TC 
.. 
25°C 
24 A 
-1~ 
-- 
Fail Time 
IC = 
II 
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There are two limitations on the power handling ability 


of a transistor: 
average 
junction 
temperature 
and 
second 
breakdown. Safe operating area curves indicate leVCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor 
must not be subject to 
grater dissipation than the curves indicate. 


The data of Figure 16 is basedon TC = 25°C; TJ(pkl'S 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC~ 25"C. Second breakdown limitations 


do not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 
current at the voltages shown on Figure 16 may be found 


at any 
case 
temperature 
by uSing 
the appropriate 
curve 
on Figure 18. 


TJlpk) may be calculated from the data In Figure 5. At 


high 
case 
temperatures, 
thermal 
limitations 
Will reduce 
the power that can be handled to values less than the 


limitations 
imposed 
by 
second 
breakdown. 


For inductive loads, high voltage and high current must 


be 
sustained 
simultaneously 
during 
turn-off. 
in 
most 


cases, 
with 
the 
base 
to emitter 
junction 
reverse 
biased. 


Under these conditions the collector voltage must be held 


to 
a safe 
level 
at 
or 
below 
a specific 
value 
of 
collector 


current. 
ThiS can 
be accomplished 
by several 
means 
such 
as active clampIng, RC snubbing, load line shaping, etc. 
The safe level for these deVices ISspecified as Reverse 
Bias Safe Operating Area and represents the voltage· 


current 
condition 
allowable 
during 
reverse 
biased 
turn- 


off. 
ThiS 
rating 
IS verified 
under 
clamped 
conditions 
so 


that 
the 
device 
is never 
subjected 
to an avalanche 
mode. 


Figure 17 gives the RBSOA char~cteristics 


SWITCHMODE 
SERIES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


WITH 
BASE-EMITTER 
SPEEDUP 
DIODE 


The BUT36 Darlington transistor is designed for high-voltage. 


high-speed. power switching in inductive circuits where fall time is 
critical. 
They are particularly suited for line-operated switchmode 
applications such as: 


• 
AC and DC Motor Controls 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Fast Turn-Off Times 
1.7 uS Inductive Fall Time at 1000C (Typl 
• 50 


4_5 uS Inductive Storage Time at 100°C (Typl 


• 
Operating Temperature Range - 65 to 175°C 


Rating 
Symbol 
Unit 


Collector-Emitter 
Voltage 
VCEOisusl 
1000 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
1400 
Vdc -- 


Emitter Base Voltage 
VES 
10 
Vdc 


Collector 
Current 
Adc 


- 
Continuous 
IC 
24 


- 
Peak 111 
ICM 
40 


Base Current 
Adc 


- 
Continuous 
IS 
15 


- Peakl1 I 
ISM 
20 


Free Wheel 
Diode: 
Adc 


Forward 
current 
- 
Continuous 
IF 
24 
Peak 
IFM 
40 
-- 


Total 
Power 
DIssipation 
@TC 
: 
25°C 
PD 
250 
Watts 
(alTC 
= 
100°C 
125 
Derate above 25°C 
W/oC 


Operating 
and Storage 
Junction 
TJ. Tstg 
°c 
Temperature 
Range 
65 to 
+ 175 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
RGJC 
°C/W 
Junction 
to Case 
06 


Maximum 
Lead Temperature 
TL 
°c 
for Soldering 
Purpose: 


, /8" 
from 
Case for 5 Seconds 
275 


24 AMPERES 


NPN SILICON 
POWER 
DARLINGTON 
TRANSISTORS 


The Designers 
Data 
Sheet 
permits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 


- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 


"worst 
case" 
design. 


STYLE , 
ltlN 1 
lASE 
2 EMITTER 
CASE 
COllECTOR 


"'llllfllETE 
S 
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..• .,. .., .,. .., 
• 
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. 
III "" • 
• , 
, 
210 
• 20 
J , 
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" 
06!1!1 
067!1 
, 1111 
1219 
•••• 
0410 
• ". 
••• 
01$1 
0161 
• 
2661 
"" 


25°C unless otherwise 
noted) 


Symbol 


Collector-Emitter 
Sustaining 
Voltage 
iTable 
1) 
VCEOlsusl 
Vde 
IIc = 
100 
mA. IB = 01 
1000 
.. 
.. 


Collector 
Cutoff 
Current 
ICEV 
mAde 
(VCEV 
~ Raled Value. 
VBElolfi 
= 
1.5 Vdel 
- 
- 
0.2 
IVCEV = Raled Value. 
VBEloffl 
_. 
1 5 Vde. Te = 
100°CI 
- 
- 
40 


Emitter 
Cutoff 
Current 
lEBO 
mAde 
IVEB = 2.0 
V. IC = 01 
- 
- 
350 


Second 
Breakdown 
Collector 
Current 
with 
base forward 
biased 


Clamped 
Inductive 
SOA 
with 
Base Reverse 
Biased 


See Figure 16 


See Figure 17 


DC Current 
Gain 
hFE 
(IC 
8 A. VCE 
= 5 VI 
20 
- 
- 


~~ 
16 A. VCE = 5 VI 
5 
- 
- 


Collector· Emitter 
Saturation 
Voltage 
VeElsatl 
Vde 


IIC = 
24 A. IB = 
12 AI 
- 
- 
5.0 


Base-Emitter 
Saturation 
Voltage 
VBEfsa11 
Vde 


lie 
= 
16 A. IB " 
32 
AI 
- 
- 
3.3 
f--- 


Diode 
Forward 
Voltage 
VI 
Vdc 


IIF 
24 AI 
. 
- 
.. 
4.0 


Storage 
Time 
See Table 
1 
Is 
.. 
- 
6.0 
I'S 


Fall Time 
TC " 
25°C 
IC = 
16 A 
If 
- 
- 
2.5 
I'S 


Storage Time 
IB1 - 3.2 A 
ts 
4.5 
- 
I'S 


Fall Time 
TC = 
1000e 
V8E(offl 
- 5V 
If 
- 
1.7 
- 
I'S 
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~" 
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There afe two limitations on'the power handling ability 


01 a transistor: 
average 
junction 
temperature 
and second 


breakdown. Safe operating area curves indicate IC-VCE 
limits of the tranSistor that must be observed for reliable 
operation, i.e., the transistor 
must not be subject to 
grater diSSipation than the curves indicate. 


The data of Figure 16 is based on TC ~ 25°C; TJlpkl is 


variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TCz:: 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 16 may be found 


at any 
case 
temperature 
by using 
the 
appropriate 
curve 
on Figure 18. 


TJlpk) may be calculated from the data in Figure 5. At 


high 
case 
temperatures. 
thermal 
limitations 
will 
reduce 
the power that can be handled to values less than the 


limitations 
Imposed 
by second 
breakdown. 


For inductive loads. high voltage and high current must 


be 
sustaIned 
sImultaneously 
during 
turn-off. 
in 
most 


cases, with 
the base to emitter Junction reverse biased. 


Under these conditions the collector voltage ,,",ustbe held 


to 
a safe 
level 
at 
or below 
a specific 
value 
of collector 


current. ThiS can be accomplished by several means such 
as active clamping. RC snubbing. load line shaping. etc. 
The safe level for these devices IS specified as Reverse 
Bias Safe Operating Area and represents the voltage· 
current condition 
allow"3ble during reverse biased turn- 


oft. 
ThiS rating 
is verified 
l!nder 
clamped 
conditions 
so 


that 
the deVice 
is never 
subjected 
to an avalanche 
mode. 


F'Qure 17 gives the RBSOA characteristics. 


@ MOTOROLA 


SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


The BUT50P 
darlington 
transistor 
is designed for high-voltage, 


high-speed, 
power 
switching 
in inductive 
circuits 
where fall time is 
critical. 
It is particularly 
suited for line operated 
switch-mode 
appli- 
cations 
such as : 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid 
and Relay Drivers 


• 
Motor 
Controls 
• 
Deflection 
Circuits 


•.. . 


t ~ • 
i 


MAXIMUM 
RATINGS 


Rating 
Symbol 
BUT50P 
Unit 


Collector-Emiter 
Voltage 
VCEO(sus) 
500 
Vdc 


Collector-Emitter 
Voltage 
VCEX(sus) 
850 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
Vdc 


Emitter 
Base Voltage 
VEB 
8 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
8 
Adc 
- 
Peak (1) 
ICM 
16 


Base Current 
- 
Continuous 
IB 
2 
Adc 
- 
Peak (1) 
IBM 
4 


Free Wheel Diode: 
Adc 
Forward 
Current 
- 
continous 
IF 
8 
- 
peak 
IFM 
16 


Total 
Power Dissipation@Tc=25°C 
Po 
100 
Watts 


@TC=100°C 
40 
Derate above 25°C 
.8 
W/oC 


Operating 
and Storage Junction 
TJ, Tstg 
-65 to + 150 
C 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
I Symbol 
Max 
I 
Unit 


Thermal 
Resistance, Junction 
to Case 
I 
ReJC 
1.25 
I 
°C/W 


(1) Pulse Test: 
Pulse Width 
= 5 ms, Duty 
Cycle";; 
10%. 


BUT SOP 


8 AMPERES 


NPN SILICON 


POWER DARLINGTON 
TRANSISTORS 


500 VOL TS-Vcoo(sus) 
100 WATTS 
850 VOLTS-Vcos 


STYUl 
1.8AS£ 
2. 
COLLECTOR 


3,ElflnEfl 
"."COlLECTOA 


Case 340-01 


TO·218AC 


~ 
C_h_ar_ac_t_e_ri_st_ic 
1 
Symbol 
I 
Min 
Typ I 
Max 
~ 


Collector-Emitter 
Sustaining 
Voltage 
VCEO(sus) 
Vdc 
(lc=100mA,IB=0) 
500 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 
(VCEV 
= Rated Value, 
VBE(off) 
= 1.5 Vdc) 
- 
- 
0.25 


(VCEV 
= Rated Value, VBE(off) 
= 1.5 Vdc, TC = 100°C 
- 
- 
2.5 


Emitter 
Cutoff 
Current 
lEBO 
mAdc 
(VEB = 8.0 V, IC = 0) 
- 
- 
175 


DC Current 
Gain 
hFE 
- 
(lc=2 
Adc, Vce=5V) 
30 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 
(lc = 5 Adc, 
Ib = 0.25 Adc) 
- 
- 
2.0 
(Ic = 8 Adc, 
Ib = 1 Adc) 
- 
- 
3.0 
(Ie = 5 Adc, 
Ib = 0.25 Adc, Tc = 100OC) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBE(sat) 
Vdc 
(Ic = 5 Adc, 
Ib = 0.25 Adc) 
- 
- 
2.5 


(Ic = 5 Adc, 
Ib = 0.25 Adc, T c = 100°C) 
- 
- 
2.5 


Diode 
Forward 
Voltage 
Vf 
Vdc 
(IF =5 
Adc) 
- 
- 
4.0 


SWITCHING 
CHARACTERISTICS 
Inductive 
Load, Clamped 


ov-%- 


RC'SO"s 
Le.R.47Jl ,C·,,,f 


SWITCHMODE'& 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


The BUT51 P darlington 
transistor 
is designed for high-voltage. 


high-speed, 
power 
switching 
in inductive 
circuits 
where fall time is 
critical. 
It is particularly 
suited for line operated 
switch-mode 
appli- 


cations such as : 
trj-t-. 


• 
Switching 
Regulators 
J t 


• 
Inverters 
• 
Solenoid 
and Relay Drivers 


• 
Motor 
Controls 
tJ 


• 
Deflection 
Circu its 
-'VV\r 
"'100 
"'15 


MAXIMUM 
RATINGS 


Rating 
Symbol 
BUT51P 
Unit 


Collector-Emiter 
Voltage 
VCEO(sus) 
500 
Vdc 


Collector-Emitter 
Voltage 
VCEX(sus) 
850 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
Vdc 


Emitter 
Base Voltage 
VEB 
8 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
15 
Adc 


- 
Peak (1) 
ICM 
25 


Base Current 
- 
Continuous 
IB 
2.5 
Adc 
- 
Peak (1) 
IBM 
5 


Free Wheel Diode: 
Adc 
Forward 
Current 
- 
continous 
IF 
15 
- 
peak 
IFM 
25 


Total 
Power Dissipation 
@TC=25°C 
PD 
125 
Watts 


@TC=100°C 
50 
Derate above 25°C 
1 
W/oC 


Operating 
and Storage Junction 
TJ. Tstg 
-65 
to + 150 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
I Symbol I 
Max 
I 
Unit 


Thermal 
Resistance, Junction 
to Case 
I 
ROJC I 
1 
°CIW 


(1) Pulse Test: Pulse Width 
= 5 ms, Duty 
Cycle';;; 
10%. 


15 AMPERES 


NPN SILICON 


POWER DARLINGTON 
TRANSISTORS 


500 VOLTS-Vceo(susl 
100 WATTS 
850 VOL TS- 
Vces 


J'Li.'.\ 


It 
J 


STYLI!. 


, 
IASlE 
1. COLLEtTDIt 
J.l •• TTUI 
to COLLfCTOIt 


_l_na 
II100U 
__ 
-.u_ ... 


A 
2Ul 
2''- 
::0... 
I.DI 


• 
lUt 
11.100.111onI 
C 
•.1' 
\.. 
'.IH 
•.• 
D 
1.oJ 
1.11 
..£MG 
( 
US 
us 
UN 
•• 
• 
$.11 
S.12 um 
am 


" 
Lt1 
Ut 
0.lIl 
.1 


J 
UI 
0.•• 
OJII om 


I 
IV' 
~Ut aM 
.Ill 


l 
1'''' 
IUl 
• 21 
IU1I 


• 
11.11 JUt 
•.•• 
UII 
• 
U4 
4.1t 
1.111 
.111 


Case 340·01 
TO·218AC 


ELECTRICAL 
CHARACTERISTICS 
(Tc = 25°C unless otherwise 
noted) 


Characteristic 
I 
Symbol 
Min 
Typ 
Max I 
Unit 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
Vdc 
(lc=100mA,IB=0) 
500 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 
(VCEV = Rated Value, VBE(off) 
= 1.5 Vdc) 
0.25 
- 
- 
(VCEV = Rated Value, VBE(off) 
= 1.5 Vdc, TC = 100°C 
2.5 
- 
- 


Emitter 
Cutoff 
Current 
lEBO 
mAdc 
(VEB = B.O V, IC = 0) 
- 
- 
175 


DC Current Gain 
hFE 
- 
(lc = 5 Adc, Vce = 5 v) 
40 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 
(lc = 10 Adc, Ib = 0.5 Adc) 
- 
- 
2.0 
(lc = 15 Adc, Ib = 1.5 Adc) 
- 
- 
3.0 
(lc = 10 Adc, Ib = 0.55 Adc, Tc = 100°C) 
- 
- 
2.5 


Base-Emitter Saturation 
Voltage 
VBE(sat) 
Vdc 
(lc = 10 Adc, Ib = 0.5 Adc) 
- 
- 
2.5 
(lc = 10 Adc, Ib = 0.55 Adc, Tc = 100°C) 
- 
- 
2.5 


Diode Forward Voltage 
Vf 
Vdc 
(IF = 10 Adc) 
- 
- 
4.0 


SWITCHING 
CHARACTERISTICS 
Inductive 
Load, Clamped 


OV-% 


RC-SO"s 
i.e.R.47Il,C·t". 


@ MOTOROLA 


SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
HFemin.: 
20atle=10A 


• 
TF max.= 0.45f..Lsat le= 15 A 


• 
Equ;valentto 
BOY 58 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO(susl 
125 
Vdc 


Collector-Base Voltage 
VCBO 
160 
Vdc 


Emitter-Base Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage 
(VBE = -1.5 VI 
VCEX 
160 
Vdc 


Collector-Emitter 
Voltage 
(RBE = 100ni 
VCER 
140 
Vdc 


Collector-Current 
- continuous 
IC 
25 
Adc 
- peak (pw';; 
10 msl 
ICM 
30 
Apk 


Base-Current continuous 
IB 
6 
Adc 


Total Power Dissipation@Tc=2SoC 
Po 
175 
Watts 


Operating and Storage Junction 
TJ, Tstg 
"c 


Temperature Range 
--65 to 200 


Characteristic 


Thermal Resistance. Junction to Case 


"'-.. 


"'-. 


"'-. 


I"-... 


•...••.. 


•...••.. 


I"-... 


"'-.. 


"'-.. 


BUV10N 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


L !:=':j=t 
r~x 


ESEATIN(~ 
! 
PLANE 


STYlE 
1 


PIN 
'- 
BASE 
2. EMITTER 
CASE·COLLECTOR 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


B 
22.23 
0.875 


C 
6.35 
11.43 
0250 
0450 


D 
0.97 
1.09 
0.U38 
0,043 


E 
).43 
Q,13!i 


F 
29.90 
30.40 
1.177 
1197 


G 
10.67 
11.18 
0420 
0,440 
, H 
5.21 
5.12 
0.205 
0225 


J 
1664 
17.15 
0655 
0.675 


X 
1.92 
0312 


D 
3.84 
4.09 
0.151 
0.161 
S 
13.34 
0.525 


T 
4.78 
0.188 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
Vdc 
(lc =200 
mA,lB 
= 0, L = 25 mH) 
125 


Collector 
Cutoff 
Current at Reverse Biais: 
'CEX 
mAde 


(VCE = 160 V, VBE =-1.5 
V) 
1.5 


(VCE = 160 V, VBE =-1.5 
V, TC = 125°C) 
6 


Collector-Emitter 
Cutoff 
Current 
ICED 
mAdc 
(VCE = 100 V) 
1.5 


Emitter-Base 
Reverse Voltage 
VEBO 
V 
(IE =50 
mAl 
7 


Emitter-Cutoff 
Current 
lEBO 
mAdc 
(VEB=5V) 
0.5 


Second Breakdown 
Collector 
Current 
with base forward 
biased 
(VCE =20 
V, 1=0.5 
s) 
(VCE =48 
V, 1=0.5 
s) 


DC Current 
Gain 
hFE 
(lC=10A, 
VCE=4V) 
20 
60 
(lC =20 A, VCE =4 V) 
10 


COllector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 
(lC = 10 A, IB = 1 Al 
1 
(lC =20 A, IB =2 Al 
2.0 


Base-Emitter 
Saturation 
Voltage 
VBE(sat) 
Vdc 
(lc =10 A,IB=1 
Al 
1.5 


Turn on Time 
ton 
1.0 
/1s 


Storage Time 
IC = 15 A,IB1 
= IB2= 
1.5 A, 
1.55 
(VCC=75V,RC=51t) 
Is 


Fall Time 
I, 
0.45 
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There 
are two 
limitations 
on the power 
handling 
ability 
of a 


transistor: 
average 
junction 
temperature 
and 
second 
break- 


down. 
Safe operating 
area curves 
indicate 
IC-VCE 
limits 
of 


the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 
j,e., the transistor 
must not be subjected 
to greater 
dissipa- 


tion 
than 
the 
curves 
indicate. 


The data 
of figure 
2 is based 
on 
TC = 25°C; 
TJ(pkl 
is 


variable 
depending 
on 
power 
level. 
Second 
breakdown 
limitations do not derate the same as thermal limitations. 


At 
high case temperatures. 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can handled 
to values less than the limitations 


imposed 
by second 
breakdown. 
(See AN415Al 
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® MOTOROLA 


SWITCHMODE'& 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
High DC current 
gain: 
HFE min. = 20 at Ic = 6 A 


• 
Low VCE(sat). 
VCE(sat) 
max. = 0.6 V at Ic = 6 A 


• 
Very 
fast switching 
times: 


TFmax.=0.8Ils 
at 
Ic=12A 


Retina 
Symbol 
Voluo 
Unit 


Collector-Emitter 
Voltage 
VCEOlsus) 
200 
Vdc 


Collector· 
Base Voltage 
VCBO 
250 
Vdc' 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage 
IVBE = -1.5 
VI 
VCEX 
250 
Vdc 


Collector-Emitter 
Voltage 
IRBE 
-100nl 
VCER 
240 
Vdc 


Collector-Current 
- continuous 
IC 
20 
Adc 
-peak 
Ipw';;10ms) 
ICM 
25 
Apk 


Base-Current continuous 
IB 
4 
Adc 


Total 
POONef 
0 issipation 
@TC 
_ 25°C 
Po 
150 
Watts 


Operating 
and 
Storage 
Junction 
TJ.Tstg 
"c 


Temperature 
Range 
-65 
to 200 


Characteristic 


Thermal 
Resistance. 
Junction 
to Case 


""- 
"'- 


""- 


"" 


" 
""'" 


""- 


"" 


.BUV11 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


L !=':::J==t 
r~. 


ESEATlNri~ 
I 


PLANE 


STYlE 
1 
PIN 1. BASE 
2. EMITTER 
CASE·COLLECTOR 


STYLE 
2: 


PIN 1. BASE 
2. COLLECTOR 


CASE·EMITTER 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MI. 
MAX 
8 
22.23 
- 
0815 


C 
6.35 
11.43 
0250 
01150 


D 
0.97 
1.09 
0,038 
0043 


E 
- 
343 
013!! 


f 
2990 
30.40 
1117 
1191 


G 
10,61 
11.18 
0420 
0440 


H 
52\ 
572 
0205 
0225 


J 
16.64 
1715 
0.655 
0.675 


K 
. 
7.92 
0.312 


Q 
384 
409 
0.151 
0161 
1334 
0525 


T 
478 
0188 


Collector-Emitter 
Sustaining Voltage 
VCEOlsus) 
Vdc 
IIc =200 
mA. IB = O. L = 25 mH) 
200 


Collector 
Cutoff 
Current 
at Reverse Biais: 
ICEX 
mAdc 


IVCE =250 
V. VBE =-1.5 
VI 
1.5 
IVCE = 250 V. VBE =-1.5 
V, TC = 125°C) 
6 


Collector-Emitter 
Cutoff 
Current 
ICEO 
mAdc 


IVCE = 160 V) 
1.5 


Emitter-Base 
Reverse Voltage 
VEBO 
, 
V 
liE =50 
mAl 
7 


Emitter-Cutoff 
Current 
lEBO 
mAdc 
IVEB =5 V) 
1.0 


Second Breakdown 
Collector 
Current 
with base forward 
biased 
IVCE= 
30V.t=1 
sl 
IVCE=140V,t=1s) 


DC Current 
Gain 
hFE 
IIC= 
6 A. VCE,=2 
VI 
20 
60 
IIC= 
12A, VCE =4 V) 
10 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
Vdc 


IIc= 
6A,IB=0.6AI 
0.6 
IIC=12A,IB=1.5A) 
1.5 


Base-Emitter 
Saturation 
Voltage 
VBElsati 
Vdc 
IIC"'12A,IB=1.5A) 
1.5 


Turn on Time 
ton 
0.8 
/.Ls 


Storage Time 
IC = 12 A. IB1 = IB2 =1.5 A. 
1.8 
IVCC = 150 V. RC = 12.5 nl 
's 


Fall Time 
tf 
0.4 


5 
20 
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10 
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There are two 
limitations 
on the power 
handling 
ability 
of a 


transistor: 
average 
junction 
temperature 
and second 
break- 


down. 
Safe operating 
area curves 
indicate 
IC-VCE 
limits 
of 


the transistor 
that 
must 
be observed 
for reliable operation 


Le.. the transistor 
must not be subjected 
to greater dissipa- 
tion than the curves indicate. 
The data 
of figure 
2 is based 
on 
TC = 2S'"C; TJ(pkl 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 


lImitations 
do not derate the same as thermal 
limitations. 


At 
high case temperatures, 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can handled 
to values less than the limitations 


imposed 
by second 
breakdown. 
(See AN415Al 
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@ MOTOROLA 


• 
High DC Current gain - 
HFE min 20 @ IC = 8 A 
• 
Very fast switching 
times 
tF max. = 0.25 
IlS 
@ IC = 15 A 


• 
Low VCE(sat): 
VCE(sat) 
max. = 0.6 V, @ IC = 8A 
• 
High VCEO: 
160 V. 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEOlsus) 
160 
Vdc 


Collector-Base Voltage 
VCBO 
220 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage (VSE =- -1.5 VI 
VCEX 
220 
Vdc 


Collector-Emitter 
Voltage 
(Rae 
=0 lOOn) 
VCER 
200 
Vdc 


Collector-Current 
- 
continuous 
IC 
20 
Adc 
- 
peak (pw •• 10 msl 
ICM 
25 
Apk 


Base-Current continuous 
IB 
5 
Adc 


Total Power Dissipation @TC= 
25°C 
Po 
150 
Watts 


Operating and Storage Junction 
TJ' Tstg 
°c 
Temperature 
Range 
-65 
to 200 


Characteristic 


Thermal 
Resistance, 
Junction 
to Case 


1.0 


0.8 
'" 
0t;~ 0.6 
'-'z 
;:: 
~ 
0.4 


0 


0.2 


"'- 
'0 


"'- 
•.......• 


"-.. 


....... 


....... 


"-.. 


"'- 
"" 


BUVIIN 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


L !=':j==t 
r~K 
ESEATIN(~ 
j 


PLANE 


STYLE 
1: 


PIN 1. BASE 
2. EMITTER 
CASE·CO 
LlECTO 
R 


STYlE 
2: 


PIN 
1. BASE 
2. COLLECTOR 


CASE·EMITTER 


MILLIMETERS 
INCHES 
DIM 
MI. 
MAX 
MI. 
MAX 
8 
1223 
0.875 
, 
635 
11.43 
0150 
0.450 


0 
0.97 
1.09 
0,038 
0.043 


E 
3,43 
O.131J 


F 
1990 
30,40 
1.117 
1.191 


G 
10.61 
1118 
0.420 
0.440 


H 
5.21 
5,72 
0.105 
0.115 


J 
16,64 
17.15 
0.655 
0.615 


K 
7.92 
0.312 


0 
3.84 
4.09 
0.151 
0,161 
1334 
0525 


T 
4.78 
0.188 


Collector-Emitter 
Sustaining Voltage 
VCEO(susl 
Vde 
(lC=200mA,IB= 
0, L = 25 mHI 
160 
. 


Collector 
Cutoff 
Current at Reverse Bias: 
ICEX 
mAde 
(VCE: 
220 V, VBE' 
-1.5 
VI 
1.5 
(VCE = 220 V, VBE = -1.5 
V, TC = 125°CI 
6.0 


Collector-Emitter 
Cutoff 
Current 
ICED 
mAdc 
(VCE' 
130 VI 
1.5 


Emitter-Base 
Reverse Voltage 
VEBO 
V 
liE = 50 mAl 
7 


Emitter-Cutoff 
Ctlrrent 
lEBO 
mAdc 
IVEB = 5 VI 
1.0 


Second Breakdown 
Collector 
Current with base forward 
biased 
IVCE: 
30 V., 
: 1 sl 
IVCE = 140 V" 
= 1 sl 


ON CHARACTERISTICS' 


DC Current 
Gain 
hFE 
(lc = 8 A. VCE = 2 VI 
20 
60 
(I C = 15 A, VCE = 4 VI 
10 


Collector-Emitter 
saturation 
Voltage 
VCE(s.tl 
Vde 
II C : 8 A, IB = 0.8 Al 
0.6 
(lC = 15 A, IB = 1.88 Al 
1.5 


Base-Emitter 
Saturation 
Voltage 
VBEls.tl 
Vde 
IIC: 
15 A. IB: 
1.88 AI 
1.8 


Turn on Time 
'on 
1.2 
"s 


Sto rage Ti me 
(lC: 
15A,IB1 
= IB2= 
1.88 A, 


1.2 
's 
VCC=30V,RL=2nl 


0.25 
Fall Time 
If 


I 
! 
II 


1 
TC; 
25 C 
Ilill 
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EMlnER 
VOLTAGE IV' 


~ 
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12 
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08 
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Ie. COlLECTCA 
CURRENT 
(A) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break· 
down. Safe operating area curves indicate leVeE 
limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 
The 
data 
of 
figure 
2 
is 
based 
on 
TC::: 25 ~C; TJ(pk) 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 
limitations 
do not derate the same as thermal limitations. 


At high case temperatures, 
thermal limitations 
will reduce the 
power that can be handled 
to values lessthan the limitations 
imposed by second breakdown. 
(see AN415A) 
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® MOTOROLA 


SWITCHMODE& 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
High DC current gain: 


HFE min. = 20 at Ic = 5 A 


• 
Very fast switching times: 


Tsmax.= 
1.5p.sat 
Ic= lOA 
TF max. = 0.5 p.sat Ic = 10 A 


Rating 
Symbol 
Value 
Unit 


Collector·Emitter 
Voltage 
VCEOlsusl 
250 
Vdc 


Collector-Base 
Voltage 
VCBO 
300 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage 
IVBE = -1.5 
V) 
VCEX 
300 
Vdc 


Collector-Emitter 
Voltage 
(RBE = lOOn) 
VCER 
290 
Vdc 


Collector-Current 
- continuous 
IC 
20 
Adc 
- 
peak 
Ipw';;; 
10 msl 
ICM 
25 
Apk 


Base-Current 
continuous 
IB 
" 
Adc 


Total Power Dissipation@Tc=25°C 
Po 
150 
Watts 


Operating 
and Storage 
Junction 
TJ. Tstg 
"c 


Temperature 
Range 
-65 
to 200 


Characteristic 


Thermal Resistance, Junction to Case 


'" '" '" 
~ 
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""'" 


BUV12 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


L !=':::1==t 
r~K 


ESEATi.G~~ 
I 


PLANE 


STYLE 
1 
PIN 1. SASE 
2. EMITTER 
CASE·COLlECTOR 


STYlE 
2; 


PIN 
I. BASE 
2. COLLECTOR 
CASE-EMITTER 


MILLIMETERS 
INCH~ 


DIM 
MI. 
MAX 
MI. 
MAX 
8 
2213 
0875 


C 
6.35 
11.43 
0250 
0450 
0 
0.91 
1.09 
0038 
0.043 


E 
3.43 
Ot3!! 


f 
29.90 
3040 
1117 
1191 


G 
10.61 
11.18 
0420 
0440 


H 
521 
572 
0205 
0.225 


J 
1664 
1115 
0655 
O.67tl 


X 
192 
0.312 


Q 
38' 
• 09 
0.151 
0.161 


13.34 
0.525 


T 
4.78 
0.188 


Collector-Emitter 
Sustaining Voltage 
VCEO(5U5) 
Vdc 
(lc =200 
mA, IB = 0, L = 25 mHI 
250 


Collector Cutoff Current at Reverse Biais: 
ICEX 
mAdc 


(VCE = 300 V, VBE = -1.5 
VI 
1.5 
(VCE =300 
V, VBE =-1.5 
V, TC = 125°CI 
6 


Collector-Emitter 
Cutoff Current 
ICEO 
mAdc 


(VCE=200V) 
1.5 


Emitter-Base Reverse Voltage 
VEBO 
V 
(lE=50mAI 
7 


Emitter-Cutoff 
Current 
lEBO 
mAdc 


IVEB =5 V) 
1.0 


Second Breakdown Collector Current with base forward biased 
IVCE= 
30V,t=1 
51 
(VCE=140V,t=151' 


DC Current Gain 
hFE 
(lC= 
5 A, VCE =4 VI 
20 
60 
(lC =10 A, VCE =4 VI 
10 


Collector-Emitter 
Saturation Voltage 
VCE(5atl 
Vdc 


(lC= 
5 A, IB = 0.5 Al 
1.0 
(lC = 10 A, IB = 1.25 Al 
1.5 


Base-Emitter Saturation Voltage 
VBE(5atl 
Vdc 
(lC = 10 A, IB = 1.25 AI, 
1.5 


Turn on Time 
ton 
0.7 
/l5 


Storage Time 
IC=10A,IBl 
=IB2=1.25A, 


(VCC = 150 V, RC =15 HI 
's 
1.5 


Fall Time 
tf 
0.5 
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There 
are 
two 
limitations 
on 
the 
power 
handling 
ability 
of a 


transistor: 
average junction 
temperature 
and second 
break· 


down. 
Safe operating 
area curves indicate 
IC-VCE limits of 
the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 


i.e., the transistor 
must not be subjected 
to greater 
dissipa· 


tion than the curves indicate. 
The data 
of figure 2 is based on TC = 25° C; TJ (pk) is 
variable 
depending 
on 
power 
leveL 
Second 
breakdown 
limitations 
do not derate the same as thermal limitations. 


At 
high case temperatures, 
thermal 
limitations 
will 
reduce 
the 


power 
that 
can handled 
to values less than the jimitatior:s 


imposed 
by second 
breakdown. 
(See AN415Al 
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® MOTOROLA 


SWITCHMODEA 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


· .. designed 
for high speed, 
high current, 
high power 
applications. 


• 
High DC current 
gain: 
HFE min. = 20 at Ic = 25 A 
= 10at 
Ic=50A 


• 
Low V CE (sat): 


VCE(sat) 
max. = 0.6 V at Ic = 25 A 
= 1.2 V at Ic = 50 A 


• 
Very fast switching 
times: 
TF = 0.25 j.ts at Ic = 50 A 


Rating 
Symbol 
Value 
Unit 


Collector~Emitter Voltage 
VCEO(susl 
125 
Vdc 


Collector-Base 
Voltage 
VCBO 
160 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector·Emitter Voltage (VSE = -1.5 
V) 
VCEX 
160 
Vdc 


Collector-Emitter 
Voltage 
(RBE = lOOn) 
VCER 
150 
Vdc 


Collector·Current 
- 
continuous 
IC 
50 
Adc 
- 
peak 
(pw';;; 
10 msl 
'CM 
60 
Apk 


Base-Current continuous 
IB 
10 
Adc 


Total 
Power Dissipation @TC==2SoC 
Po 
250 
Watts 


Operating and Storage Junction 
TJ,Tstg 
"c 


Temperature 
Range 
-65 
to 200 


Characteristic 


Thermal 
Resistance, Junction 
to Case 
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BUV20 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


IF 


A~ 


~ 


c 
L 
I 
-+ 


E 
0 
K 


SEATING 
I 


'LANE 


STYlE 
1: 


PIN 1. BASE 


2. EMITTER 
CASE. 
COLLECTOR 


MILLIMETERS 
INCHES 


OIM 
MI' 
MAX 
MI' 
MAX 


• 
38.3S 
39.31 
1.510 
1.5SO 
1 
19.30 
21.08 
0.160 
0.130 


C 
6.35 
1.62 
0.2SO 
0.300 
D 
1.45 
1.60 
0.051 
0.1163 


E 
- 
3.43 
013S 


F 
29.90 
30.4lI 
1.177 
1.1 


G 
10.61 
11.18 
D.420 
0.44lI 
H 
5.21 
5.1 
5 
1. 
11.1 
• 
11.18 
12.19 
0.44lI 
0.4llO 


Q 
3.14 
4.09 
0.151 
0.161 


R 
24.'9 
26.61 
0.960 
1.05(1 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
Vdc 
(lc =200 
mA, IB =0, 
L = 25 mH) 
125 


Collector Cutoff Current at Reverse Biais: 
ICEX 
mAdc 


(VCE =140 
V, VBE = -1.5 
V) 
3.0 
(VCE =140 
V, VBE = -1.5 
V, TC = 125°C) 
12 


Collector-Emitter 
Cutoff Current 
ICEO 
mAdc 


IVCE = 100 VI 
3.0 


Emitter·Base Reverse Voltage 
VEBO 
V 


(IE =50 mAl 
7 


Emitter-Cutoff 
Current 
lEBO 
mAde 


IVEB=5V) 
1.0 


Second Breakdown Collector Current with base forward biased 


IVCE=20V,t=1 
s) 
(VCE=40V,t=1 
s) 


DC Current Gain 
hFE 
(lC=25A,VCE=2V) 
20 
60 


(lc = 50A, VCE =4 VI 
10 


Collector-Emitter 
Saturation Voltage 
VCE(sat) 
Vdc 


(lC=25A,IB=2.5AI 
0.6 
(lC=50A,IB=5A) 
1.2 


Base-Emitter Saturation Voltage 
VBE(satl 
Vdc 


(lC=50A,IB=5A) 
2.0 


Turn on Time 
ton 
1.5 
/1s 


Storage Time 
'C=50A,IBl 
=IB2= 
SA, 


1.2 
's 


Fall Time 


IVCC = 30 V, RC = 0.6 nl 


0.25 
tf 
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There 
are two 
limitations 
on the power 
handling 
ability 
of a 


transistor: 
average 
junction 
temperature 
and 
second 
break 


down. 
Safe operating 
area curves 
mdicate 
IC-VCE 
limits 
of 
the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 
i.e.. the transistor 
must not be subjected 
to greater 
dlss;pa- 


tion than the curves indicate . 
The data 
of figure 
2 is based 
on TC 
25 C; TJ(pkl 
is 


variable 
depending 
on 
power 
level. 
SeCond 
breakdown 


limitations 
do not 
derate 
the same as thermal 
limitations. 


At 
high case temperatures, 
thermal 
limitations 
will 
reduce 
the 


power 
that 
can 
handled 
to 
values 
less than 
the 
limitations 


imposed 
by second 
breakdown. 
(See AN415Al 
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® MOTOROLA 


SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
High DC current gain: 


HFE min. = 20 at Ie = 12 A 


• 
Low VCE(sat). VCE(sat) max. = 0.6 V at Ie = 8 A 


• 
Very fast switching times: 


TF max. = 0.4 Jls at Ie = 25 A 


Rlting 
Symbol 
Valu. 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
200 
Vdc 


Collector·Base 
Voltage 
VCBO 
250 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Coliector·Emitter 
Voltage 
IVBE = -1.5 
V) 
VCEX 
250 
Vdc 


Collector-Emitter 
Voltage 
(RBE = lOOn) 
VCER 
240 
Vdc 


Collector-Current 
- continuous 
IC 
40 
Adc 


- 
peak 
(pw';;; 
10 msl 
'CM 
50 
Apk 


Base-Current 
continuous 
'B 
8 
Adc 


Total Power Dissipation @TC=25°C 
Po 
150 
Watts 


Operating 
and Storage 
Junction 
TJ.Tstg 
"c 


Temperature 
Range 
-65 
to 200 


Ch.raete,istic 


,Thermal Resistance, Junction to Case 
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BUV21 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


STYLE 
1: 


PIN 1. BASE 
2. EMtITER 
CASE. COllECTOR 


MILLIMETERS 
INCHES 
DIM 
MI. 
MAX 
MI. 
MAX 


A 
38.35 
39.37 
1.510 
1.550 
1 
19.30 
21.08 
0.760 
0.130 


C 
6.35 
7.62 
0.250 
0.300 
0 
1.45 
1.60 
0.057 
0063 


E 
- 
3.43 
- 
0.135 


F 
29.90 
30<0 
1.171 
1.17 


G 
10.67 
11.18 
0.420 
0.4<0 
H 
5.21 
O. 25 
I. 
17.1 
k 
11.11 
12.19 
0.4<0 
0.410 
Q 
3.14 
4.09 
0.151 
0.161 


R 
24. 
26.67 
0.980 
1.050 


Collector·Emitter 
Sustaining Voltage 
VCEO(susl 
Vdc 
lIC =200 
mA, IB =0, 
L = 25 mHI 
200 


Collector Cutoff Current at Reverse Biais: 
'CEX 
mAdc 
IVCE =250 
V, VBE =-1.5 
VI 
3.0 
IVCE = 250 V, VBE = -1.5 
V, TC = 125°CI 
12.0 


Collector-Emitter 
Cutoff Current 
ICED 
mAde 
IVCE = 160 VI 
3.0 


Emitter-Base Reverse Voltage 
VEBO 
V 
lIE=50mAI 
7 


Emitter-Cutoff 
Current 
lEBO 
mAde 
(VEB =5 V) 
1.0 


Second Breakdown Collector Current with base forward biased 
(VCE= 
20V, 
t=1 
sl 
IVCE = 140 V, t ='1 sl 


DC Current Gain 
hFE 
lIC=12A,VCE=2V) 
20 
60 
lIC=25A,VCE=4VI 
10 


Collector·Emitter 
Saturation Voltage 
VCElsatl 
Vdc 
lIC=12A,IB=1,2Al 
0.6 
lIC=25A,IB=3AI 
1.5 


Base-Emitter Saturation Voltage 
VBElsatl 
Vdc 
lIC=25A,IB=3AI 
1.5 


Turn on Time 
ton 
1.0 
IJ.s 


Storage Time 
IC=25A,IB1 
=IB2= 
3A, 


IVCC =100 V,RC = 4QI 
's 
1.8 


Fall Time 
tf 
0.4 
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There 
are two 
limitations 
on the power 
handling 
ability 
of a 


transistor: 
average 
junction 
temperature 
and 
second 
break- 


down. 
Safe operating 
area curves 
indicate 
IC,VCE 
limits 
of 


the transistor 
that 
must be observed for reliable operation 


i.e., the transistor 
must not be subjected 
to greater dissipa- 


tion 
than 
the curves 
indicate. 


The 
data 
of 
figure 
2 
is based 
on 
TC 
-: 25 
C, 
TJ(pk) 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 
limitations 
do not derate the same as thermal limitations. 


At 
high case temperatures, 
thermal 
limitations 
will 
reduce 
the 


power 
that 
can 
handled 
to 
values 
less than 
the 
limitations 


imposed 
by second 
breakdown. 
(See AN415A) 
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® MOTOROLA 


SWITCHMODE"" 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


· .. designed 
for high speed, 
high current, 
high power 
and low cost 
appl ications. 


• 
High DC current 
gain; 
HFE min. = 15 at Ie = 20 A 


• 
Low VCE(sat); 
VCE(sat) 
max. = 1.0 Vat 
Ie = 20 A 
= 1.8 V at Ic=40 A 
• 
Very 
fast switching 
times; 


TF max. = 0.2 
JIS at Ie = 40 A 


Rating 
Svmbol 
Vlliu. 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
160 
Vdc 


Collector-Base 
Voltage 
VCSO 
220 
Vdc 


Emitter-Base 
Voltage 
VESO 
7 
Vdc 


Collector· 
Emitter 
Voltage 
(VSE = -1.5 
V) 
VCEX 
220 
Vdc 


Collector-Emitter 
Voltage 
(RSE -lOOn) 
VCER 
200 
Vdc 


Collector-Current 
- 
continuous 
IC 
40 
Adc 
- peak 
(pw';;; 
10 msl 
ICM 
50 
Apk 


Base-Current continuous 
IS 
to 
Adc 


Total PowerDissipation@TC-2SoC 
Po 
250 
W~tts 


Operating and Storage Junction 
TJ,Tstg 
"c 


Temperature 
Range 
-65 
to 200 


Characteristic 


Thermal 
Resistance, Junction 
to Case 
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BUV21N 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


STYlE 
1: 


PIN 1. BASE 


2. EMlnER 


CASE. 
COLLECTOR 


MILLIMETERS 
INCHES 


DIM 
MI. 
MAX 
MI. 
MAX 


A 
38.35 
39.37 
1.510 
1.550 
8 
19.30 
21.08 
0.760 
0.830 


C 
6.35 
7.62 
0.250 
0.300 


0 
1.45 
1.60 
0.057 
0.063 


E 
- 
3.43 
0.135 


f 
29.90 
3040 
1.117 
1.1 


G 
10.67 
11.18 
0.420 
0.440 


H 
5.1 
5.72 
O. 
.225 


I . 
17.15 
K 
11.18 
12.19 
0.440 
0.480 


Q 
3.84 
4.09 
0.151 
0.181 


R 
2U9 
26.67 
0.980 
1.050 


Min. 
[~ 
__ 
M_.X_. 
~ __ 
U_n_it__ 


Collector-Emitter 
Sustaining Voltage 
VCEOlsus) 
Vdc 


(lc =200 
mA, IB = 0, L = 25 mHI 
160 


Collector Cutoff Current at Reverse Biais: 
ICEX 
mAdc 


IVCE = 220V, 
VBE =-1.5 
V) 
3.0 
IVCE = 220 V, VBE =-1.5 
V, TC = 125°CI 
12.0 


Collector-Emitter 
Cutoff Current 
ICED 
mAdc 
IVCE =130 
V) 
3.0 
, 


Emitter-Base Reverse Voltage 
VEBO 
V 


(IE =50 mAl 
7 


Emitter-Cutoff 
Current 
lEBO 
mAdc 


IVEB=5V) 
1.0 


Second Breakdown Collector Current with base forward biased 
(VCE = 
25V,t 
=0.5 sl 
(VCE =140V,t 
=0.5 sl 


DC Current Gain 
hFE 
(lC = 20A, VCE =4 V) 
15 
60 
(lC =40A, 
VCE =4 V) 
10 


Collector-Emitter 
Saturation Voltage 
VCE(sat) 
Vdc 


(lC=20A,IB=2AI 
1.0 
(lC=40A,IB=5AI 
1.8 


Base-Emitter Saturation Voltage 
VBE(sat) 
Vdc 


(lC=40A,IB=5A) 
2.0 


Turn on Time 
ton 
1.2 
JJ.s 


Storage Time 
IC=40A,IB1=IB2= 
5A, 
1.0 
t, 


Fall Time 
(VCC = 30V, RC =0.75 n) 
0.2 
tf 
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There 
are two 
limitations 
on the power 
handling 
ability 
of a 


transistor: 
average junction 
temperature 
and second 
break- 


down. 
Safe operating 
area curves 
indicate 
IC-VCE 
limits 
of 


the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 


i.e., the 
transistor 
must 
not 
be subjected 
to greater 
dissipa· 


tion 
than 
the curves indicate. 


The 
data 
of 
figure 
2 
is based 
on 
TC 
'" 25 
C, 
TJ(pk) 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 


limitations 
do not 
derate 
the same as thermal 
limitations. 


At high case temperatures, 
thermal 
limitations 
will 
reduce the 


power 
that 
can 
handled 
to 
values 
less than 
the limitations 
imposed 
by second 
breakdown. 
(See AN415Al 
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@ MOTOROLA 


SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
Very fast switching times: 
TF max. = 0.351Js at Ic = 20 A 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEO(susl 
125 
Vdc 


Collector-Base 
Voltage 
VCSO 
300 
Vdc 


Emitter-Base 
Voltage 
VESO 
7 
Vdc 


Coliector·Emitter 
Voltage (VSE = -1.5 
V) 
VCEX 
300 
Vdc 


Collector-Emitter 
Voltage (RSE = lOOn) 
VCER 
290 
Vdc 


Collector-Current 
- 
continuous 
IC 
40 
Adc 
- peak (pw';;; 10 msl 
'CM 
50 
Apk 


Base-Current continuous 
'S 
8 
Adc 


Total 
Power Dissipation@Tc=2SoC 
Po 
250 
Watts 


Operating and Storage Junction 
TJ. Tstg 
"c 


Temperature 
Range 
~5to 
200 


Characteristic 


Thermal 
Resistance. 
Junction 
to Case 


"'" 


"'" 


"'" 
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BUV22 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


LC51=O f' 
I 
-+ 


l E 
K 


SUTING 
0 
, 


nANE 


STYLE 
1: 


PIN 
1. BASE 


2. 
EMlnER 
CASE. 
COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MI. 
MAX 
MI. 
MAX 


A 
38.35 
39.37 
1.510 
1.550 
I 
19.30 
21.08 
0.760 
0.130 
C 
6.35 
7.62 
0.250 
O. 


D 
1.45 
1.60 
0.051 
0063 
E 
- 
3.43 
- 
0135 


F 
29.90 
30.40 
1.171 
1.11 


G 
10.&7 
11.18 
0.420 
0.440 
H 
5.1 
72 
0.25 
1 . 
11.15 


K 
11.18 
12.19 
0.440 
0.480 
0 
3.14 
4.09 
0.151 
0.161 
R 
24.89 
26.67 
0.980 
1.050 


Collector-Emitter 
Sustaining Voltage 
VCEO(susl 
Vdc 
(lc=200mA,IB=O, 
L=25mHI 
250 


Collector 
Cutoff 
Current at Reverse Biais: 
ICEX 
mAdc 


(VCE = 3OOV, VBE =-1.5 
VI 
3.0 
(VCE = 300V, 
VBE =-1.5 
V, TC = 125°CI 
12.0 


Collector-Emitter 
Cutoff 
Current 
ICED 
mAdc 
(VCE =2ooVI 
3.0 


Emitter-Base 
Reverse Voltage 
VEBO 
V 
(lE=50mAI 
7 


Emitter-Cutoff 
Current 
lEBO 
mAde 


(VEB =5 VI 
1.0 


Second Breakdown 
Collector 
Current 
with base forward 
biased 
(VCE= 
20V,t=1 
sl 
IVCE =140 V, t = 1 sl 


DC Current 
Gain 
hFE 
(lC = 10 A, VCE =4 VI 
20 
60 
(lC =20 A, VCE =4 V) 
10 


Collector-Emitter 
Saturation 
Voltage 
VCElsatl 
Vdc 


(lC=10A,IB=1 
Al 
1.0 
(lC=20A,IB=2.5A) 
1.5 


Base-Emitter 
Saturation 
Voltage 
VBElsatl 
Vdc 
(lc =40A,IB 
=4 Al 
1.5 


Turn on Time 
ton 
0.8 
/ls 


Storage Time 
IC = 2OA, IB1 = IB2= 
2.5 A, 


1.1 
to 


Fall Time 
IVcc 
=100 V,RC =5 nl 
0.35 
tf 
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There 
are two 
limitations 
on the power 
handling 
ability 
of a 


transistor: 
average junction 
temperature 
and 
second 
break- 


down. 
Safe operating 
area curves 
indicate 
IC-VCE 
limits 
of 
the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 


i.e., the transistor 
must not be subjected 
to greater 
dissipa- 


tion than the curves indicate. 
The data 
of figure 
2 is based 
on TC = 25C; 
TJ(pkl 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 
limitations 
do not derate the same as thermal 
limitations . 


At 
high case temperatures. 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can handled 
to values less than the limitations 


imposed 
by second 
breakdown. 
{See AN415Al 
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® MOTOROLA 


SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
High DC current gain: HFE min. = 15 at Ic = 8 A 


• 
Low VCE(sat), VCE(sat) max. = 0.8 Vat 
Ic =-8 A 


• 
Very fast switching times: 


TF=O.4/.Lsat 
Ic= 
16 A 


Retlng 
Symbol 
Veh", 
Unit 


Collector·Emitter 
Voltage 
VCEO(sus) 
325 
Vdc 


Collector-Base 
Voltage 
VCBO 
400 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Volt_ 
(VBE = -1.5 
V) 
VCEX 
400 
Vdc 


Collector-Emi'ter 
Volt_ 
(RBE = lOOn) 
VCER 
390 
Vdc 


Collector-Current 
- 
continuous 
IC 
30 
Adc 
- 
peak (pw";; 
10 ms) 
ICM 
40 
Apk 


Base-Current 
continuous 
IB 
6 
Adc 


Total 
Povwr Dissipation@Tc=2SoC 
PO. 
250 
Watts 


Operating 
and 
Storage 
Junction 
TJ. Tstg 
'''c 
Temperature 
Range 
~5'o 
200 


ChBracteristic 


Thermal 
Resistance, 
Junction 
to Case 
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BUV23 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


5~~-f 


!'lANE 
------ 


STYlE 
1: 


PIN 1. BASE 
2. EMlnER 
CASE. COllECTOR 


MilLIMETERS 
INCHES 


DIM 
MI. 
MAl 
MI. 
MAX 


A 
38.35 
39.31 
1.510 
1.550 
1 
19.30 
21.01 
0.160 
0.130 


C 
6.35 
1.62 
0.250 
0.300 
D 
1.45 
1.60 
0.057 
0.1163 


E 
- 
3.43 
0.13S 


F 
29.9D 
30.40 
1.117 
1.11 


G 
ID.61 
11.11 
0.420 
D.440 
H 
5.21 
5. 
5 
O. 
5 
1. 
11! 
• 
11.18 
12.19 
0.440 
0.410 
D 
3.14 
4.09 
0.151 
D.16! 
R 
24.19 
26.61 
D.9IO 
1.050 


Collector·Emitter 
Sustaining Voltage 
VCEO(susl 
Vdc 
lIc=200mA.IB=0. 
L=25mH) 
325 


Collector 
Cutoff 
Current at Reverse Bia;s: 
ICEX 
mAdc 
(VCE =4OOV. 
VBE = -1.5 
VI 
3.0 
(VCE = 400 V. VBE =-1.5 
V. TC =>125°CI 
12 


Collector-Emitter 
Cutoff 
Current 
ICEO 
mAdc 
(VCE =260V) 
3.0 


Emitter-Base 
Reverse Voltage 
VEBO 
V 
liE =50 
mAl 
7 


Emitter-Cutoff 
Current 
lEBO 
mAdc 
(VEB=5VI 
1.0 


Second Breakdown 
Collector 
Current 
with base forward 
biased 
(VCE= 
20V.t=ls1 
(VCE = 140 V. t= 
1 sl 


DC Current 
Gain 
hFE 
lIC= 
8 A. VCE =4 VI 
15 
60 
lIC =16 
A. VCE =4 
VI 
8 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
Vdc 


lIc= 
8A.IB=I.6AI 
0.8 
lIC=16A.IB=3.2AI 
1.0 


Base-Emitter 
Saturation 
Voltage 
VBE(satl 
Vdc 


lIC = 16 A. IB = 3.2 AI 
1.5 


Turn on Time 
ton 
0.8 
IJ.s 


Storage Time 
IC = 16 A.IBI 
= IB2= 
3.2 A. 
1.8 
(VCC =100V.RC=6.25 
01 
Is 


Fall Time 
tf 
0.4 


30 


lOi 


~~ 'I 
z 
'"'"~ 
u 
'" 
0 


~ 
0.1 
~ 


2.0 


1.6 


~ 1.2 
~"~ 0.8 
>. 


0.4 


le/lB 
- 
5 


./ 


VBEIIII} 
r-r 
I 
/ 


I 
I 
VCEllat)_ 
~ 


VCE 
- 
5 V 


I .......... 
V 


: 
1\ 


I 
\\ 


i 
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There 
are two 
limitations 
on the power 
handling 
ability 
of a 
transistor: 
average junction 
temperature 
and second 
break- 


down. 
Safe operating 
area curves indicate 
IC-VCE limits of 


the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 
i.e.. the transistor 
must not be subjected 
to greater dissipa- 


tion than the curves indicate. 
The data of figure 2 is based on TC = 25° C; TJ(pkl is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 
limitations 
do not derate the same as thermal 
limitations. 


At 
high case temperatures, 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can handled 
to values less than the limitations 


imposed 
by second 
breakdown. 
(See AN415A) 
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® MOTOROLA 


SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
Very 
fast switching 
times: 


TF max. = 0.9 /lS at Ic = 12 A 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
, VCEOlsusl 
400 
Vdc 


Collector:Sase 
Voltage 
VCBO 
450 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage 
(VSE 
== -1.5 VI 
VCEX 
450 
Vdc 


Collector-Emitter 
Voltage 
(RBE = lOOn) 
VCER 
440 
Vdc 


Collector-Current 
- 
continuous 
IC 
20 
Adc 


- 
peak 
(pw";;; 10 msl 
ICM 
30 
Apk 


Base-Current continuous 
IB 
4 
Adc 


Total Power Dissipation@Tc=2SoC 
Po 
250 
Watts 


Operating 
and Storage Junction 
TJ. Tstg 
"c 


Temperature 
Range 
-65 
to 200 


"" 
"'" 


~ 
'-... 


t-'. 


...... 


'-... 


"" 


-.......:: 


BUV24 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


~ 


'VI 


a~ 
,'-' 


I 


I~' 
I'" 


". 
A 
~ 
•. 
'. 
'-1 


_ 
G J 


U 


"'01£5 
1 
DtMEIriSIOIriSO 
ANOVAllE 
OA'UMS 


] 
[iJISSEA.,NGPLANfANOOAtLM 


) 
POSIlIONAL 
TOtERANCE 
fOR 
MOUNTING 
HOLE a 
[DI;~0EE6J 


fOil 
LEADS 
[+]-'-"-10-"-"-0-'-1 '-.fil-·-o§2J-'- 


4 
QIMEN$IDN$ANQ 
TOURANCESPfR 
ANSIY145191J 


-~._- 


INCHES- 
MILLIMETERS 
".." 
.AX ." 
.AX 


A 
]9.31 
1550 
· 


110. 
Oa311 


c 
'J> 
1.61 
0250 
OJDO 
• ." '" 
003. 
DO" 
, 
J4J 
0135 


F 
J015BSe 
1.18JBSe 


G 
10928se 
~~~~:¥c- 
H 
54ti8Se 


J 
16898SC 
06658se 
, 
1111 
1219 
0440 .... 
• 
HI 
'" 
O.ISO 
0165 
, 
2661 
, " 
U 
41l 
5Jl 
0190 
0210 


V 
'" ." "" 


0165 


Collector-Emitter 
Sustaining Voltage 
VCEO(susl 
Vdc 
lIc=200mA,ls 
= 0, L = 25 mHI 
400 


Collector Cutoff Current at Reverse Biais: 
ICEX 
mAdc 


(VCE = 450V, 
VSE =-1.5 
VI 
3.0 


(VCE = 450 V, VSE = -1.5 
V, TC = 125°C) 
12.0 


Collector-Emitter 
Cutoff Current 
ICED 
mAdc 


(VCE =320 
VI 
30 


Emitter·Base Reverse Voltage 
VESO 
V 


liE =50 
mAl 
7 


Emitter-Cutoff 
Current 
IESO 
mAdc 


(VES =5 
VI 
1.0 


Second Breakdown Collector Current with base forward biased 


(VCE= 
20V,t=1 
sl 


(VCE=140V,t=lsl 


DC Current Gain 
hFE 


lIC= 
6 A, VCE =4 
VI 
15 
60 


lIC=12A,VCE=4VI 
8 


Collector-Emitter 
Saturation Voltage 
VCE(s.tl 
Vdc 


lIC= 
6A,IS 
= 1.2 Al 
0.6 
lIC=12A,18=2.4AI 
1.0 


Base-Emitter Saturation Voltage 
VSE(s.tl 
Vdc 


lIC = 12 A,IS 
= 2.4 Al 
1.5 


Turn on Time 
ton 
1.6 
/.Is 


Storage Time 
IC=12A,ISI 
=IS2=2.4A, 
3.0 
(VCC =120 
V, RC =8.3 n) 
Is 


Fal'Time 
tf 
0.9 


ICII8 
= 5 
T 


VCE(sal) 


V8E(SlI) 
l/I 
V 


VCE = 4 V 


------ 
"- 


'" 
- 


There 
are two 
limitations 
on the power 
handling 
ability 
of a 


transistor: 
average junction 
temperature 
and second 
break- 


down. 
Safe operating 
area curves 
indicate 
IC,VCE 
limits 
of 


the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 


I.e., the 
transistor 
must 
not 
be subjected 
to greater 
dissipa- 


tion 
than 
the curves indicate. 


The 
data 
of 
figure 
2 
is based 
on 
TC 
= 25 
C, 
TJ(pkl 
is 


variable 
depending 
0rt 
power 
level. 
Second 
breakdown 


limitations 
do not 
derate 
the same as thermal 
limitations. 
At high case temperatures, 
thermal 
limitations 
will 
reduce the 


power 
that 
can 
handled 
to 
values 
less than 
the 
limitations 


imposed 
by second 
breakdown. 
(See AN415Al 
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® MOTOROLA 


SWITCHMODE'& 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
Very fast switching times: 


TF max. = 1.0 liS at Ic = 8 A 


Rating 
Symbol 
Value 
Unit 


Collector·Emitter 
Voltage 
VCEO(susl 
500 
Vdc 


Collector·Base 
Voltage 
VCBO 
500 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage (V BE = -1.5 
VI 
VCEX 
500 
Vdc 


Collector-Emitter 
Voltage (RBE = 100nl 
VCER 
500 
Vdc 


Collector-Current 
- 
continuous 
IC 
15 
Adc 
- 
peak (pw';;; 10 msl 
ICM 
20 
Apk 


Base·Current 
continuous 
IB 
3 
Adc 


Total 
Power 
Dissipation 
@TC=25°C 
Po 
250 
Watts 


Operating 
and Storage 
Junction 
TJ.Tstg 
"c 


Temperature 
Range 
. 
~5to200 


Characteristic 


Thermal 
Resistance, 
Junction 
to Case 


"'" 


""- 
"'" 


........... 


'--- 


"- 
........... 


'" 
"'" 


BUV25 


NPN SILICON 


POWER 
METAL 
TRANSISTOR 


NOTES 
1. DIMENSIONS 
a AND v ARE DATUMS 


2 OJ ISSEATll\lG 
PLANE 
AND 
DATUM 


3 
POSITIONAL 
TOLERANCE 
fOR 
MOUNTING 
HOLE a 


1.lllllOOO5l@ITlv@! 


FOR 
LEADS 


I .111310005l@T 
I v@1 
a@1 


4 
OIMEN$IONSANOTOLERANCE$PER 
ANSI Vl •. 5, 1913 


MILLIMETERS 


aiM 
MIN 
MAil 
A 
39.31 


B 
21.08 
C 
6.35 
7.62 


o 
0.91 
1.09 


E 
3.43 
F 
30.158SC 
G 
10,928SC 


H 
5.468SC 


J 
16.89BSC 
k 
11.18 
12.19 


Q 
).81 
•. 19 


R 
26.61 


U 
U3 
533 
V 
3.81 
•. 19 


CASE 1-05 TO-3 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
Vdc 


(lC =200 
mA.IB 
=0) 
L =25 mH 
500 


Collector 
Cutoff 
Current at Reverse Biais: 
'CEX 
mAdc 


(VCE = 500V. 
VBE = -1.5 
VI 
3.0 
(VCE = 500V. 
VBE =-1.5 
V. TC = 125°CI 
12.0 


Collector-Emitter 
Cutoff 
Current 
'CEO 
mAdc 


(VCE =400 
V) 
3.0 


Emitter-Base 
Reverse Voltage 
VEBO 
V 


(IE =50 mAl 
7 


Emitter-Cutoff 
Current 
'EBO 
mAdc 


(VEB =5 V) 
1.0 


Second Breakdown 
CQllector Current 
with base forward 
biased 
(VCE= 
2QV.t=1s1 
(VCE=140V.t=1 
sl 


ON CHARACTERISTICSI 


DC Current 
Gain 
hFE 
lIC= 
4 A.VCE=4V) 
15 
60 
(lC= 
8 A.VCE=4V) 
8 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 


lIC = 4 A. IB = 0.8 A) 
0.6 
, 


lIc=8 
A.IB=1.6AI 
1.0 


Base-Emitter 
Saturation 
Voltage 
V8E(sat) 
Vdc 


(IC= 
8 A.'B=1.6Al 
1.5 


Turn on Time 
ton 
1.8 
p's 


Storage Time 


IC= 
8 A.IB1 
=IB2=1.6A. 


(VCC =100 V. RC= 12.5 0) 
's 
4.0 


Fall Time 
tf 
1.0 


.' 
-~ 


--,.. 


,- 


II 
I 
I 


....,.- t---. 


I 
II 


I 


I 
I 
"'-.1 
! III 


I 
I 
I 
1 11III11 


ICllS:o:5 


VCE(U1) 


f-- 
.- 


VSElsat) 
./J 
./ 
, 


50 


.0 


~ 30 
~ 
'"~ 20 
>- 


10 


veE= 
4 V 


I 


I 


I 
'- 


I 
'" 


I 
-- 
-- 


I 


There 
are two 
limitations 
on the power 
handling 
ability 
of a 
transistor: 
average junction 
temperature 
and second 
break- 


down. 
Safe operating 
area curves 
indicate 
IC-VCE 
limits 
of 


the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 
i.e., the transistor 
must not be subjected 
to greater 
dissipa- 
tion than the curves indicate. 
The data of figure 2 is based on TC = 25"C; TJ(pkl is 
variable depending on power level. Second breakdown 
limitations 
do not derate the same as thermal 
limitations. 


At 
high case temperatures, 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can handled 
to values less than the limitations 


imposed 
by second 
breakdown. 
(See AN415A) 
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@ MOTOROLA 


SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
Very fast switching 
times: 


TF max. = O.8J.Ls at Ic = 8 A 


Rating 
Symbol 
Value 
Unit 


Collector·Emitter 
Voltage 
VCEO(sus) 
325 
Vdc 


Collector-Base 
Voltage 
VCBO 
400 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage (VSE ;::-2.5 V) 
VCEX 
400 
Vdc 


Collector-Emitter 
Voltage 
IRBE = 100n) 
VCER 
390 
Vdc 


Collector-Current 
- continuous 
IC 
15 
Adc 
- 
peak 
Ipw';;; 
10ms) 
ICM 
20 
Apk 


Base-Current continuous 
IB 
3 
Adc 


Total 
PO'J'ller Dissipation@Tc=2SoC 
PD 
150 
Watts 


Operating 
and Storage 
Junction 
TJ,Tstg 
°c 
Temperature 
Range 
-65 to 200 


~i 
""- 


""- 


""- 


'-... 


•..... 


" 
""" 


......••••.. 


""- 


BUX13 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


r--- 
A--- 
Ii· 
~-+--r 


;E~~ 


NOTES 


I 
QIMEN$IONSQAND 
VARE 
DATUMS 


1 [I] IS SfAllNG 
PLANE 
AND 
DATUM 


J 
POSITIONAL 
TOLERANCE 
fOR 
MOUNfiNG 
HOtE a 
[+]InlOoo"0J'I'0! 


fOR 
L{AOS 
m-'-13-IO-""-'-0-T-I-'-01o~. 


40tMEN$ION$AND 
TOURAHC£$PER 
ANSI Y14~. 
1913 


MILLIMETERS 
.- 


INCHES 


DIM 
M,. 
MAX 
M,. 
MAX 


A 
3931 
l.S50 


• 
21.08 
08' 
C ." 


1,62 
0250 
0,300 
0 
091 ". 
003. 
00" 
, 
'" 
0.135 


F 
30 158$t 
UI1BSC 


c 
1092 esc 
0430esc 


" 
S46esc 
021sesc 


J 
lUgeSC 
o 665 esc 
. III' 
1219 
0440 
0'" 
0 
l81 
." 0150 
016S 
R 
2661 
'50 


U 
OI' 
5ll 
0190 
0210 
, 
381 
." 01S0 
0165 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
Vdc 


(lc=200mA.IB= 
0, L = 25 mH) 
325 


Collector Cutoff Current at Reverse Biais: 
ICEX 
mAdc 


(VCE =400V. 
VBE = -1.5 
V) 
1.5 


(VCE=400V. 
VBE =-1.5V. 
TC=125°C: 
6.0 


Collector-Emitter 
CtJtoff Current 
ICED 
mAdc 


(VCE =260 VI 
1.5 


Emitter-Base Reverse Voltage 
VEBO 
V 
(IE =50 mAl 
7 


Emitter-Cutoff 
Current 
lEBO 
mAdc 
IVEB=5V) 
1.0 


Second Breakdown Collector Current with base forward biased 


IVCE= 
30V,I 
= 1 sl 


(VCE =140V. 
1= 
1 sl 


DC Current Gain 
hF E 


(lC = 4 A. VCE =4 V) 
15 
60 


(lC= 
SA.VCE=4V) 
S 


Collector-Emitter 
Saturation Voltage 
VCElsal) 
Vdc 
(lC = 
4 A. IB =O.S AI 
O.S 
(lC= 
SA,IB=1.6A) 
1.5 


Base-Emitter Saturation Voltage 
VBElsal) 
Vdc 
(lC = S A, IB = 1.6 A) 
1.5 


Turn on Time 
Ion 
1.2 
fl.s 


Storage Time 
IC= 
S A,lSl 
=IB2=1.6 
A, 


2.5 


IVCC = 150 V. RC = 
lS.701 
Is 


Fall Time 
If 
O.S 


2.' 


2.0 


~ 1.' 
~.. 


0 
1.0 
>>. 


0.' 


lelia 
~ 5, 


-- 
VB~ 
/ 
/ 


VCEIJ, 


YCE 
• 
4 V 


t-- 
- 
"'- 


............ 


There 
are two 
limitations 
on the 
power 
handling 
ability 
of a 
transistor: 
average junction 
temperature 
and second 
break- 
down. 
Safe operating 
area curves indicate 
IC-VCE limits of 


the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 
i.e., the transistor 
must not be subjected 
to greater dissipa- 


tion 
than 
the curves indicate. 
The data 
of figure 
2 is based 
on TC 
= 25 C.; TJ(pkl 
is 
variable depending on power 
lever 
Second breakdown 


limitations 
do not derate the same as thermal 
limitations. 


At 
high case temperatures, 
thermal 
limitations 
will 
reduce 
the 


power 
that 
can 
handled 
to 
values 
less than 
the 
limitations 


imposed 
by second 
breakdown. 
(See AN415AI 
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_ 
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® MOTOROLA 


• 
High current gain - 
bandwidth product Ft min. = 8.0 MHz 
• 
High DC current gain HFE min. 15@ IC = 12 A. 


Very fast switching times 


IF max. = 0.25 IlS @ IC = 20 A 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEOlsus) 
90 
Vdc 


Collector-Base 
Voltage 
VCBO 
120 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage (VBe :::--1.5 VI 
VCEX 
120 
Vdc 


Collector-Emitter 
VOltage (Rse::: lOOn) 
VCER 
110 
Vdc 


Collector-Current 
- 
continuous 
IC 
30 
Adc 


- 
peak (pw 
or;;;;; 
10 msl 
'CM 
40 
Apk 


Base-Current continuous 
IB 
6 
Adc 


Total Power DIssipation 
@ T C :::25 
<> C 
Po 
120 
Watts 


Operating and Storage Junction 
TJ. Tstg 
'c 
Temperature 
Range 
-66 to 200 


Characteristic 


Thermal 
Resistance, Junction 
to Case 


1.0 


08 
~" 
....~~ 0.6 
'"z;::: 0.4 
" 


0.2 


80 
120 


TC. 
TEMPERATURE 
( CI 


BUX39 


NPN SILICON 


POWER 


METAL 
TRANSISTOR 


L !=':j==t 
r~K 
ESEATIN(~ 
I 


PLANE 


STYLE 
1: 


PIN I 
BASE 
2. EMITTER 
CASE-COLLECTOR 


STYLE 
2: 


PIN 1. BASE 


2. COLLECTOR 
CASE·EMITTER 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
S 
1223 
0.875 


C 
635 
11.43 
0.250 
0,450 


D 
0.97 
1.09 
0.038 
0,043 


E 
3.43 
0.13!:. 


f 
29.9D 
30.40 
1,171 
1.197 


G 
10.67 
11.18 
0420 
0440 


H 
5,21 
5.72 
0.205 
0.225 


J 
16.64 
17.15 
0655 
0.675 


K 
7.92 
- 
0312 
- 


D 
3.84 
4.09 
0.151 
0.161 
, 
13.34 
0.525 


T 
- 
4.78 
- 
0.188 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25 DC unless otherwise 
noted) 


Characteristic 
~~ 
Min. 


Collector· 
Emitter 
Sustaining 
Voltage 
VCEOl,u,1 
Vdc 


IIC= 
200mA, 
IB ~ 0, L = 25 mHI 
90 


Collector-Emitter 
Cutoff Current at Revers( ,;:':'8SVoltage 
mAde 


IVCE ~ 120 V, VBE = -1.5 VI 
1 


IVCE " 120 V, VBE = -1.5 V. TC = 125' 


c Cl 
5 
_. 
. 
-- 
Collector F,r,itter Cutoff Current 
ICEO 
r'lAdc 


(VCE ~ 70 VI 
1 
--=- 
_. 


ElTliner·B<lse 
Reverse 
Voltage 
VEBO 
V 
__ 
liE 
= 50 mAl 
7 
._---------_. __ ....-- 
-_._-- 
-~-- 
Ell1,tter-Cutoff 
Current 
lEBO 
J 


mAde 


IVEB" 
5 VI 
1 
: 
-' 
---------_. 
.. 


SECOND BREAKDOWN 


SC-cond 
B~eakdown 
Collector 
Cur,~nt 
'.'\lIth 
base forw.arrlt;~~~-;J-~--l---t;~-I--I'-I--~l 


IVCE=45V,t=l,1 
1 
I 


IVCE = 30 V, t = 1 ,I 
•.--L 
. 
~_ 
--.L_~ 


ON CHARACTERISTics' 
-------------------·------T 
'-T~~ 


DC 
Current 
Gain 
hFE 


IIC= 
12A, 
VCE =4 VI 
15 
I 
45 


IIc 
= 20 A, VCE = 4 VI 
8 
._- 


Collector-Emitter 
Saturation 
Voltage 
VCEI,atl 
'Ide 


IIC = 11 A, IB= 1.2 AI 
1.2 


IIC = 20 A, IB = 2.5 AI 
1.6 


Base-Emitter 
Saturation 
Voltage 
-- 


VBE(,a,1 
Vdc 


IIC = 20 A, IB = 2.5 AI 
2.5 


Turn on Time 
ton 
1.2 
~, 


Storage 
Time 
IC = 20 A, IBI = IB2 = 2.5 A, 
1.0 
" 


Fait Time 
VCE = 30 V, RC = 1.5n1 


0.25 
If 


FIGURE 2 - ACTIVE 
REGION SAFE OPERATING 
AREA 
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FIGURE 5 - 
RESISTIVE SWITCHING PERFORMANCE 


10 


VCC=30V 
-t- 


There are two limitations 
on the power handling ability 
of a 
transistor: 
average 
junction 
temperature 
and 
second 
break· 


down. 
Safe 
operating 
area 
curves 
indicate 
IC·VCE 
limits 
of 
the 
transistor 
that 
must 
be observed 
for 
reliable 
operatIon 


i.e., 
the 
transistor 
must 
not 
be subjected 
to greater 
dissipa- 


tion 
than 
the curves 
indicate. 


The 
data 
of 
figure 2 
IS 
based on 
TC = 25 
Q C; TJ{pk) 
is 


vapable 
depending 
on 
power 
level. 
Second 
breakdown 


limItatIons 
do not 
derate the same as thermal 
limitations. 


At high case temperatures, 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can be handled 
to values less than the limitations 
imposed by second breakdown. (See AN415Al 
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® MOTOROLA 


SWITCHMODEA 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
High D.C. current 
gain: 
HFE min.: 
15at 
Ic = lOA 


• 
Very fast switching 
times: 


TF max. = 0.25/ls 
at Ic = 15 A 


Rllting 
Symbol 
V.lu. 
Unit 


Collector-Emitter 
Voltage 
VCEO(susl 
125 
Vdc 


Collector-Base 
Voltage 
VCBO 
160 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage 
IV BE = -2.5 
V) 
VCEX 
160 
Vdc 


Collector-Emitter 
Voltage 
IRBE 
-100 
nl 
VCER 
150 
Vdc 


Collector-Cunent 
- 
continuous 
IC 
20 
Adc 
- 
peak 
lpw';; 
10 msl 
'CM 
2B 
Apk 


Base-Current 
continuous 
IB 
4 
Adc 


Total 
Povver Dissipation@Tc=2SoC 
Po 
120 
Watts 


Operating 
and 
Storage 
Junction 
TJ.Tstg 
°c 
Temperature 
Range 
-65 
t0200 


Chllracteriltic 


Thermal Resistance, Junction to Case 


"'- 


"'- 


"'- "-.. 


"- 


"'- 


......... 


"'- 


""- 


BUX40 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


L !='::J==t 


~K 
ESEATlN!~ 
I 
PLANE 


STYLE 
1 


PIN 1. BASE 


2. EMITTER 
CASE·COLLECTOR 


MILLIMETERS 
INC;m-- 


DIM 
MI. 
MAX 
MI. 
MAX 


R 
2223 
0815 


C 
6.35 
11.43 
0,250 
0450 


0 
091 
1.09 
0038 
0043 


E 
3.43 
01J!l 


F 
1990 
3040 
1177 
1191 


G 
10,61 
1118 
0420 
0440 


H 
52\ 
572 
0,205 
0115 


J 
1664 
11.15 
0655 
0.675 


K 
792 
0.312 


Q 
].84 
4,09 
0,151 
0161 
1334 
0.525 


T 
- 
4.18 
- 
0.188 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
Vdc 
(Ic=200mA.IB 
= O. L = 25 mH) 
125 


Collector 
Cutoff 
Current at Reverse Biais: 
ICEX 
mAde 
(VCE =160 
V. VBE =-1.5 
V) 
1.0 


(VCE =160 
V. VBE = -1.5 
V. TC = 125°C) 
5.0 


Collector-Emitter 
Cutoff 
Current 
ICED 
mAdc 
(VCE=100V) 
1.0 


Emitter-Base 
Reverse Voltage 
VEBO 
V 
(IE=50mA) 
7 


Emitter-Cutoff 
Current 
lEBO 
mAde 
(VEB =5 V) 
1.0 


Second Breakdown 
Collector 
Current with base forward 
biased 
(VCE= 
30V.t=1s) 
(VCE= 
50V.t 
= 1s) 


DC Current 
Gain 
hFE 
(IC=10A.VCE=4V) 
15 
45 


(IC=15A.VCE=4V) 
8 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
Vdc 


(IC=10A.IB=1 
A) 
1.2 
(IC=15A.IB= 
1.88 A) 
1.6 


Base-Emitter 
Saturation 
Voltage 
VBElsatl 
Vdc 
(IC=15A.IB=1.88A) 
2.0 


Turn on Time 
ton 
1.2 
Ils 


Storage Time 
IC = 15 A. IB1 = IB2 = 1.88 A. 
1.0 
(VCC= 
30 V.RC 
= 
2n) 
's 


Fall Time 
tf 
0.25 


le/18",8 


1/ 
/1 
/ 


VBE t-- 
/ 


ilve, 


a" 


~ 
0.8 
>" 


I 


I 
V 
1'\ 
'\ 
'\ 


There are two limitations 
on the power handling ability of a 
transistor: 
average junction 
temperature 
and second 
break- 


down. 
Safe operating 
area curves indicate 
IC-VCE limits of 


the transistor 
that 
must be observed 
for reliable operation 
i.e., the transistor 
must not be subjected 
to greater 
dissipa· 


tion than the curves indicate. 
The data 
of figure 
2 is based 
on 
TC = 25°C; 
TJ(pk) 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 
limitations 
do not derate the same as thermal 
limitations. 
At high case temperatures, 
thermal limitations 
will reduce the 


power 
that 
can handled 
to values less than tbe limitations 
imposed by second breakdown. 
(See AN415A) 
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® MOTOROLA 


SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
Very fast switching times: 
TF max. = 0.4 IlS at Ic = 8 A 


Rating 
Symbol 
v.tu. 
Unit 


Collector-Emitter 
Voltage 
VCEOlsus) 
200 
Vdc 


Collector-Base Voltage 
VCBO 
250 
Vdc 


Emitter-Base Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage (VBE =-2.5 
VI 
VCEX 
250 
Vdc 


Collector-Emitter 
Voltage (RBE -100 
fl.) 
VCER 
240 
Vdc 


Collector-Current 
- continuous 
IC 
15 
Adc 
- peak (pw";;; 10 ms) 
ICM 
20 
Apk 


Base-Current 
continuous 
IB 
3 
Adc 


Total Power Dissipation@Tc-25"c 
Po 
120 
Watts 


Operating and Storage Junction 
TJ. Tstg 
°c 


Temperature 
Range 
--65 to 200 


"" 
"'-.. 


i"--, 


"-... 


I'.... 


.•.••.. 


"'" 


"-... 


"" 
~ 


BUX41 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


1 !=':::I==i 
r~K 


ESEATIN(~ 
I 


PLANE 


STYlE 
1 


PIN 
1. BASE 
2. EMITTER 
CASE·COLLECTOR 


STYLE 
2 


PIN 
1. BASE 
2. COLLECTOR 
CASE·EMITTER 


MilliMETERS 
INCHES 
DIM 
MI. 
MAX 
MI. 
MAX 


B 
22.23 
0.875 


C 
6.35 
11.43 
0.250 
0,450 


D 
0.97 
1.09 
0.038 
0,043 


E 
3.43 
a 13~ 


F 
29.90 
30.40 
1.177 
1.197 


G 
10.67 
11.18 
0.420 
0.440 


H 
5.21 
5.72 
0.205 
0.225 


J 
16.64 
17.15 
0655 
0675 


K 
].92 
0.312 


0 
3.84 
4.09 
0151 
0161 
13.34 
0.525 


T 
478 
0,188 


Collector· 
Emitter 
Sustaining Voltage 
VCEOl,u,1 
Vdc 
lIC = 200 mA, IB = 0, L = 25 mHI 
200 


Collector 
Cutoff 
Current at Reverse Biais: 
'CEX 
mAde 


IVCE = 250 V, VBE = -1.5 
VI 
1.0 
IVCE = 250 V, VBE = -1.5 
V, TC = 125°CI 
5.0 


Collector·Emitter 
Cutoff 
Current 
ICED 
mAdc 
IVCE = 160VI 
1.0 


Emitter·Base 
Reverse Voltage 
VEBO 
V 
liE =50 mAl 
7 


Emitter·Cutoff 
Current 
lEBO 
mAdc 


IVEB =5 VI 
1.0 


Second Breakdown 
Collector 
Current 
with base forward 
biased 
IVCE = 
30 V, I = 
1,1 
IVCE=135V,1 
= 1,1 


DC Current Gain 
hFE 


lIC= 
5A,VCE=4VI 
15 
45 
lIC= 
SA, VCE=4 
VI 
8 


Collector·Emitter 
Saturation 
Voltage 
VCEl,al1 
Vdc 
lIC= 
5 A, IB =0.5 Al 
1.2 


lIC= 
8A,IB=1AI 
1.6 


Base·Emitter 
Saturation 
Voltage 
VBEl,al1 
Vdc 
lIC=8A,IB=1A) 
2.0 


Turn on Time 
Ion 
0.6 
JJ' 


Storage Time 


IC= 
8 A,IB1 
=IB2=1 
A, 


IVCC = 150 V, RC = 18.75.\1) 
Is 
1.5 


Fall Time 
If 
0.4 


m 
I 
I I 


1111 
'\1 
111111 
I 
I f\ 


IIII 
I 
N 
I 
IlTffi 
I 
fTT 
1111"-----1 
I 


lellS = 8 


VBE 
1/ 
I/ 


VCE 


~> 
0.8 
>' 


---- 


VCE = 4 


1"- 


, 


There 
are two 
limitations 
on the power 
handling 
ability 
of a 
transistor: 
average junction 
temperature 
and second 
break- 


down. 
Safe operating 
area curves 
indicate 
IC-VCE 
limits 
of 
the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 
i.e., the transistor 
must not be subjected 
to greater 
dissipa- 


tion than the curves indicate. 


The 
data 
of 
figure 
2 
is based 
on 
TC 
'" 25°C; 
TJ(pk) 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 


limitations 
do not 
derate 
the same as thermal 
limitations. 


At 
high case temperatures, 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can handled 
to values less than the limitations 


imposed 
by second 
breakdown. 
(See AN415A) 
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181 •• lB2 


@ MOTOROLA 


SWITCHMODEA 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
High DC current gain: 


HFE min. = 15 at Ic = 8 A 


• 
Very fast switching times: 


TF max. = 0.251ls at Ic = 12 A 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
160 
Vdc 


Collector-B 
••• 
Voltage 
VCBO 
220 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage 
(VBE = -2.5 
V) 
VCEX 
220 
Vdc 


Collector-Emitter 
Voltage 
(RBE 
-100 
nl 
VCER 
200 
Vdc 


Collector-Current 
- continuous 
IC 
18 
Adc 
- 
peak 
(pw';;; 
10 msl 
ICM 
25 
Apk 


Base.current 
continuous 
IB 
3.6 
Adc 


Total 
Povver Dissipation 
@TC = 25°C 
Po 
120 
We'" 


Operating 
and 
Storage 
Junction 
TJ,Tstg 
°c 
Temperature 
Range 
-65 
to 200 


CharKteristic 


Thermal 
Aesistance, 
Junction 
to Case 
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"'-. 
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"'" 


"'" 


BUX41N 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


L !=':j==t 
r~K 


ESEATIN(~ 
I 


PLANE 


STYlE 
1 
PIN 
I. BASE 
2. EMITTER 


CASE·COLlECTOR 
STYLE 2: 


PIN 1. BASE 
2. COLLECTOR 


CASE·EMITTER 


MILLIMETERS 
INCHES 
DIM 
MI. 
MAX 
MI. 
MAX 


B 
2213 
0.875 


C 
6.35 
11.43 
0,250 
0450 
D 
0.97 
1.09 
0038 
0,043 


E 
3.43 
- 
O13!.. 


f 
29.90 
3040 
1171 
1191 


G 
10.67 
1118 
0.420 
0440 


H 
5.21 
!il2 
0.205 
0.225 
J 
16.64 
1715 
0655 
0675 


K 
1.92 
0312 


D 
3.84 
409 
0.151 
0161 


1334 
0525 


T 
4.78 
0.188 


Collector-Emitter 
Sustaining Voltage 
vCEOlsusl 
Vdc 
(lc=200mA, 
IS~ O,L = 25mHI 
160 


Collector 
Cutoff 
Current at Reverse Blais: 
ICEX 
mAde 
IVCE =220 
V, VSE = -1.5 
VI 
1.0 


IVCE =220 
V, VSE = -1.5 
V, TC = 125°CI 
5.0 


Collector-Emitter 
Cutoff 
Current 
ICED 
mAdc 
IVCE =130 
VI 
1.0 


Emitter-Base 
Reverse Voltage 
VESO 
V 
(lE=50mAI 
7 


Emitter-Cutoff 
Current 
IESO 
mAdc 
IVES=5VI 
1.0 


Second Breakdown 
Collector 
Current with base forward 
biased 
IVCE= 
30V,I·= 
1 sl 
IVCE=100V,1 
= 1s1 


DC Current Gain 
hFE 
(lC= 
II A, VCE =4 VI- 
15 
45 
(lC=12A,VCE=4VI 
S 


Collector-Emitter 
Saturation 
Voltage 
VCElsa11 
Vdc 
IIC= 
8 A, IS = 0.8 AI 
1.2 
(lC =12 A, IS = 1.5 AI 
1.6 


Base-Emitter 
Saturation 
Voltage 
VSElsa11 
Vdc 
(lC=12A,IS= 
1.5 AI 
2.0 


Turn on Time 
Ion 
1.2 
IJ.s 


Storage Time 
IC=12A, 
ISI =IS2=1.5A, 


30 V, RC = 2.5 .Ill 
Is 
1.2 
IVCC= 
Fall Time 
II 
0.25 


I 
I 
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I 
I I I 
IIII 
III 
~ 
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There are two limitations 
on the power handling ability of a 


transistor: 
average 
junction 
temperature 
and 
second 
break- 


down. 
Safe operating 
area curves indicate 
lC-VCE limits of 


the transistor 
that 
must 
be observed 
for reliable operation 
i.e.. the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 
The data 
of figure 
2 is based 
on TC = 25°C; 
TJ(pkl 
is 
variable depending on power level. Second breakdown 


limitations 
do not 
derate 
the same as thermal 
limitations. 


At high case temperatures, 
thermal limitations 
will reduce the 


power 
that 
can handled 
to values less than the limitations 
imposed by second breakdown. (SeeAN415A) 
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® MOTOROLA 


SWITCHMODEA 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
Very fast switching times: 
TF max. = OA/ls 
at Ic = 6 A 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEO(susl 
250 
Vdc 


Collector-Base 
Voltage 
VCBO 
300 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage 
IVBE = -2.5 
VI 
VCEX 
300 
Vdc 


Collector-Emitter 
Voltage 
IRBE -100 
nl 
VCER 
290 
Vdc 


Collector-Current 
- continuous 
IC 
12 
Adc 


- 
peak 
lpw';;; 
10 msl 
ICM 
15 
Apk 


Base-Current continuous 
IB 
2.4 
Adc 


Total 
Povver Dissipation 
@TC-2SoC 
PD 
120 
Watts 


Operating and Storage Junction 
TJ,Tstg 
°c 
Temperature 
Range 
-65 
to 200 


Chefaeteristic 


Thermal 
Resistance, 
Junction 
to Case 


"'" 
"'" 
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"'- 


" ""-. "-- 


"'" 


BUX42 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


L !=':j==t 


~K 
ESEATlNG~ 
I 


PLANE 


STYlE 
1 
PIN 1. BASE 


2. EMITTER 
CASE-COLLECTOR 


MILLIMETERS 
INCH~ 


DIM 
MI. 
MAX 
MI. 
MAX 


B 
2223 
0.875 


C 
635 
11.43 
0250 
0.450 
D 
0.97 
1.09 
[J,Q3a 
0.043 


E 
:l.43 
a.13!"! 


F 
29.90 
30.40 
1177 
1191 


G 
10,67 
1118 
0.420 
0440 


H 
521 
572 
0205 
0225 


J 
1664 
17.15 
0655 
0675 


K 
792 
0.312 


D 
3.84 
'OS 
0151 
0161 
1334 
0.525 


T 
418 
- 
0188 


Collector-Emitter 
Sustaining Voltage 
VCEOlsusl 
Vdc 


(lC =200 mA, IB = 0, L = 25 mHI 
250 


Collector Cutoff Current at Reverse Biais· 
ICEX 
mAdc 
(VCE = 300V. VBE = -15 
VI 
1.0 


(VCE = 300V. VBE = -1.5 
V. TC = 125°CI 
5.0 


Collector-Emitter 
Cutoff Current 
ICED 
mAdc 
(VCE = 200 VI 
1.0 


Emitter-Base Reverse Voltage 
r 
VEBO 
V 
(lE=50mAI 
7 


Emitter-Cutoff 
Current 
lEBO 
mAdc 
(VEB =5 VI 
1.0 


Second Breakdown Collector Current with base forward biased 
(VCE= 
30V.I 
= 1 sl 
IVCE=135V.t 
= lsJ 


DC Current Gain 
hFE 


(lC= 
4 A. VCE =4 VI 
15 
45 
IIC = 6 A, VCE =4 VI 
8 


Collector-Emitter 
Saturation Voltage 
VCEls.tl 
Vdc 
(lC = 4 A.IB 
= 0.4 AI 
1.2 


(lC = 6A,IB=0.75AI 
1.6 


Base-Emitter Saturation Voltage 
VBEls.tJ 
Vdc 
IIC= 
6A,IB=0.75AI 
2.0 


Turn on Time 
ton 
0.6 
/1s 


Storage Time 


IC = 6 A, IBl =IB2=0.75A, 


2.0 


(VCC = 150 V. RC = 25 n) 
Is 


Fall Time 
If 
0.4 
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There 
are two 
limitations 
on the power 
handling 
ability 
of a 
transistor: 
average junction 
temperature 
and second 
break- 


down. 
Safe operating 
area curves 
indicate 
IC-VCE 
limits 
of 
the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 


i.e., the transistor 
must not be subjected 
to greater 
dissipa- 


tion 
than 
the curves indicate. 


The data 
of figure 
2 is based 
on TC 
::= 25 C; TJtpk) 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 


limitations 
do 
not 
derate 
the same as thermal 
limitations. 


At 
high case temperatures. 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can 
handled 
to 
values 
less than 
the 
limitations 


imposed by second breakdown. {SeeAN415AI 
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@ MOTOROLA 


SWITCHMODEA 
SERIES 
NPN SILICON 
POWER TRANSISTOR 


• 
Very' fast switching times: 


TF max. = 0.90 /.lsat Ic = 5 A 


Rating 
Symbol 
Valu. 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
325 
Vdc 


Collector-Base 
Voltage 
VCBO 
400 
Vdc 


Emitter-Base 
Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage 
lYBE =-2.5 
V) 
VCEX 
400 
Vdc 


Collector-Emitter 
Voltage 
(RBE 
-100 
\1) 
VCER 
360 
Vdc 


Collector·Current - continuous 
IC 
10 
Adc 
- 
peak 
(pw";;; 10 ms) 
'CM 
12 
Apk 


Base-Current continuous 
IB 
2 
Adc 


Total Power Dissipation@Tc=2SoC 
Po 
120 
Watts 


Operating 
and 
Storage 
Junction 
TJ,Tstg 
°c 
Temperature Range 
-65 
to 200 


Characteristic 


Thermal Resistance, Junction to Case 
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BUX43 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


NOHS 
1 
DIMENSIONS 
Q AND V ARE DATUMS 


2 
[[] 
IS SEATING 
PLANE 
AND 
DATUM 


3 
POSlTlONAl 
TOt£IlAHCE 
FOR 


MOUNTING 
HOLE 0 
1.1"JIOoo>,eITlvel 


fOR 
HADS 


m-'-"-IO-oo-,,-e-,-I v-e-·-I-oe-·-I 


• 
OIMENSIOH$ANDTOLERANCESPER 
ANSI VI4~. 
1913 


01• 


A. 


C 
635 
o 
097 
•f 
301585C 


C 
l09285C 


H 
54685C 


J 
16198se 
II: 
11.111219 


Q 
111 
419 


R 
1661 


U 
413 
531 


V 
381 
419 


CASE 1·05 TO·3 


Collector-Emitter 
Sustaining Voltage 
VCEOlsusl 
Vdc 
lIc=200mA,IB 
= 0, L = 25 mHI 
325 


Collector Cutoff Current at Reverse Biais: 
ICEX 
mAdc 
IVCE =400 
V, VBE = -1.5 
VI 
1.0 
IVCE =400 
V, VBE = -1.5 
V, TC = 125°C) 
5.0 


Collector-Emitter 
Cutoff Current 
ICED 
mAdc 
IVCE = 260VI 
1.0 


Emitter-Base Reverse Voltage 
VEBO 
V 
lIE=50mAI 
7 


Emitter-Cutoff 
Current 
lEBO 
mAdc 
IVEB =5 VI 
1.0 


Second Breakdown Collector Current with base forward biased 
(VCE= 
30V,t 
=, 
sl 
IVCE=135V,t 
= lsl 


DC Current Gain 
hFE 
lIC = 
3 A, VCE =4 VI 
15 
60 
lIC= 
5 A, VCE =4 VI 
8 


Collector-Emitter 
Saturation Voltage 
VCElsatl 
Vdc 
lIC= 
3 A, IB =0.375 
Al 
1.0 


IIC= 
5 A,IB 
=1 AI 
1.6 


Base-Emitter Saturation Voltage 
VBElsatl 
Vdc 
lIC= 
5A,IB=lAl 
2.0 


Turn on Time 
ton 
1.0 
/J.s 


Storage Time 
IC = 5 A,lBl 
=IB2= 
1 A, 


IVCC = 150 V, RC = 30 Q) 
ts 
2.2 


Fall Time 
tf 
0.9 


I 
I 
III 


"'" 


Z.O 


1.6 


~ 1.Z 
~..~ 
0 
D.' 
>,,; 


0.4 


Ie liS 
•• 5 


VB~ 


I-- 


VCE('rlt..--- 


'\ 
V 
\ 


/ 
\. 


There 
are two 
limitations 
on the power 
handling 
ability 
of 
it 


transistor: 
average 
junction 
temperature 
and 
second 
break· 


down. 
Safe operating 
area curves indicate 
IC,VCE limits of 


the 
transistor 
that 
must 
be observed 
for 
reliable 
operation 
i.e., the transistor 
must not be subjected 
to greater dissipa- 


tion 
than 
the curves 
indicate. 
The data 
of figure 
2 is based 
on TC 
= 25 
C. TJ(pkl 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 


limitations 
do 
not 
derate 
the same as thermal 
limitations. 


At high case temperatures, 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can 
handled 
to 
values 
less than 
the 
limitations 
imposed by second breakdown. (SeeAN415Al 


J.O 


Z.D 


] 


1.D 


'" 


-= 


D.4 


D.J 


D.2 


vec,. 
150 V 


IC/IB •• S 


181 - 
182 


I 


Ion 


"- 


I, 
I 


I 
'> ",1/ 


/ 
IF 


'/ 


/ 


/ 


I 


Vee 
150 V 
Re 
JOn 
RS 
6.an 


® MOTOROLA 


SWITCHMODE 
NPN SILICON 
POWER TRANSISTORS 


The 
BUX 
84/85 
are 
designed 
for 
high 
voltage, 
high 
speed 


power 
switching 
applications 
like 
converters, 
inverters, 
switching 


regulators, 
motor 
control 
systems 
. 


• 
VCEO(sus) 
{ 


{ 


400 V 


450 V 


BUX 
84 


8UX 
85· 


800 V 


1000 V 


BUX 
84 


BUX 
85 


Rating 
Symbol 
BUX B4 
BUX B5 
Unit 


Collector-Emitter 
Voltage 
VCEOlsus} 
400 
450 
Vdc 


Collector-Emitter 
Voltage 
VCES 
800 
1000 
Vdc 


Emitter 
Base Voltage 
VE80 
5 
Vdc 


Collector Current 
Adc 
- 
Continuous 
IC 
2 


- 
Peak(1) 
ICM 
3.0 


Base Current 
Adc 


- 
Continuous 
'B 
0.75 


- 
Peakl1} 
ISM 
1.0 


Reverse 
Base Current: 
Adc 


- 
Peak 
ISM 
1 


Total 
Power 
Oissipetion@Tc 
~ 25°C 
Po 
50 
Watts 
Derate 
above 
2 SOC 
400 
mW/oC 


Operating 
and Storage 
Junction 
TJ' Ts1g 
°c 
Temperature 
Range 
-65to 
+150 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
RGJC 
°C/W 
Junction 
to Case 
2.5 


Thermal 
Resistance. 
RGJA 
°C/W 
Junction 
to Ambian : 
62.5 


Maximum 
Lead Temperature 
TL 
°c 
for Soldering 
Purpose: 
1/8" from 
Case for 5 Seconds 
275 


BUX 84 
BUX 85 


2 AMPERES 


TRIPLE DIFFUSED 
POWER TRANSISTORS 
NPN SILICON 


STYLE1: 
PIN 1. BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
15.11 
15.75 
0.595 
0.B20 
B 
9.65 
10.29 
0.3BO 
0.405 
C 
4.06 
4.B2 
0.160 
0.190 
0 
0.64 
0.B9 
0.025 
0.035 
F 
3.61 
3.73 
0.142 
0.147 
G 
2.41 
2.67 
0.095 
0.105 
H 
2.79 
3.30 
0.110 
0.130 
J 
0.36 
0.56 
0.014 
0.022 
K 
12.70 
14.27 
0.500 
0.562 
L 
1.14 
1.27 ~:~:} 


I 0.050 
N 
4.B3 
5.33 
0.210 
0 
2.54 
3.04 
0.100 
0.120 
R 
2.04 
2.79 
O.OBO 0110 
S 
1.14 
1.39 
0.045 
0.055 
T 
5.97 
6.4B 
0.235 
0.255 
U 
0.76 
1.27 
0.030 
0.050 


Collector-Emitter 
Sustaining 
Voltage 
VCEOlsusl 
Vde 
IIC = 100mAde, 
IL = 25mHISeelig. 
1 
BUX 84 
400 
- 
- 


BUX 85 
450 
- 
- 


Collector 
Cutoff 
Current 
ICES 
mAde 


(VCES 
~ Rated Value) 
- 
- 
0.2 
(VCES = Rated Value, 
TC = 
125°CI 
- 
- 
1.5 


Emitter 
Cutoff 
Current 
lEBO 
mAdc 
IVEB = 
5 Vde, IC ~ 01 
- 
- 
1 


DC Current 
Gain 
hFE 
- 


IIC = 0.1 
Ade, VCE ~ 5 VI 
- 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
Vde 
IIC = 0.3 
Ade, IB = 30 mAde) 
- 
- 
0.8 
IIC = 
1 Ade, IB = 200 
mAdel 
- 
- 
1 


Base-Emitter 
Saturation 
Voltage 
VBElsatl 
Vde 


IIC = 
1 Ade, IB = 0.2 
Adel 
- 
- 
1.1 


Turn-on 
Time 
VCC 
- 
250 
Vde, IC - 
1 A 
ton 
- 
0.3 
0.5 
/,s 


Storage 
Time 
IB1 = 0.2 
A, IB2 = 0.4 
A 
ts 
- 
2 
3.5 
/,s 


Fall Time 
See lig. 
2 
tf 
- 
0.3 
- 
/,s 


Fall Time 
Same 
above 
condo at TC ~95°C 
tl 
- 
- 
1.4 
/,s 


H 
L 
I 
I 


VIM -nJl 
'11 


-11,,1- 


t 
VCC 


250V 


~ 


® MOTOROLA 


SWITCHMODE·SERIES 
PNP SILICON 
POWER TRANSISTORS 


The MJ6502 
and MJ6503 
transistors 
are designed 
for high- 


voltage, 
high-speed, 
power 
switching 
in inductive 
circuits 
where 
fall 
time 
is critical. 
They 
aTe particularly 
suited 
for line operated 
switch- 


mode 
applications 
such as: 


• 
Switching 
Regulators 
! 
Inverters 


• 
Solenoid 
and Relay 
Drivers 


• 
Motor 
Controls 


• 
Deflection 
Circuits 


Fast Turn·Off 
Times 


100 
ns Inductive 
Fall Time 
@ 250C 
(Typ) 
125 
ns Inductive 
Crossover 
Time 
@ 
25°C 
(Typ) 


Operating 
Temperature 
Range 
-65 
to +2000C 


1000C 
Performance 
Specified 
for: 
Reversed 
Biased SOA with 
Inductive 
Loads 


Switching 
Times 
with 
Inductive 
Loads 


Saturation 
Voltages 
Leakage 
Currents 


Rating 
Symbol 
MJ6502 
MJ6503 
Unit 


COllector-Emitter 
Voltage 
VCEOlsus) 
250 
400 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
300 
450 
Vdc 


Emitter 
Base Voltage 
VEB 
6.0 
6.0 
Vdc 


Collector Current - Continuous 
IC 
8.0 
8.0 
Adc 


Peak 11' 
ICM 
16 
16 


Base Current 
Continuous 
'B 
4.0 
4.0 
Adc 


Peak (1) 
IRM 
8.0 
8.0 


Total 
Power 
Dissipation 
@ T C - 2SoC 
~D 
125 
125 
Watts 
@TC: 
100°C 
71.5 
71.5 
Derate 
above 
25°C 
0.714 
0.714 
W/oC 


Operating and Storage Junction 
TJ. Tstg 
-65 
to +200 
°c 
Temperature Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
Junction 
to Case 
AOJC 
1.4 
°CIW 


Maximum 
Lead Temperature for Soldering 
TL 
275 
°c 
Purposes: 
118" from Case for 5 Seconds 


(11 Pulse Test: Pulse Width 
5 rns, 
Duty 
Cycle 
.c;; 10%. 


MJ6502 
MJ6503 


PNP SILICON 


POWER TRANSISTORS 


Designer's 
Data for 


"Worst 
Case" 
Conditions 


The 
Designers· 
Data 
Sheet 
per· 


mits 
the 
design of 
most circuits 
entirely 
from the information 
pre- 


sented. 
Limit 
data 
- 
representing 
device characteristics boundaries - 
are given to facilitate 
"worst case" 


design. 


r- 


B=:1---+ 


L~=-+ 
1 
D 
K 


E 
SEATiNG 
I 


PLANE 


STYLE 
1 


PIN 1SASE 


2, EMITTER 
CASE·COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MI' 
MAX 
MI' 
MAX 


B 
2223 
0875 


C 
6.35 
1143 
0250 
0450 


D 
0.97 
1.09 
0038 
0043 


E 
3.43 
o 13~ 


F 
2990 
3040 
'ri'~~i-~ 


G 
10,67 
11.18 
0440 


H 
52\ 
512 
0205 
0225 
~ 
1664 
17.15 
0655 
0675 


K 
7.92 
- 
0.312 


D 
384 
4.09 
0.151 
0161 
S 
13.34 
0,525 


T 
- 
4.78 
- 
0188 


ELECTRICAL 
CHARACTERISTICS 
ITC: 
25°C unless otherwise noted) 


Characteristic 
I 
Symbol 


Collector-Emitter 
Sustaining Voltage (Table 1) 
MJ6502 
VCEOlsus) 
250 
- 
- 
Vdc 


(lC -10 
mA,lB 
:0) 
MJ6503 
400 
- 
- 


Collector Cutoff Current 
ICEV 
mAde 


(VCEV • Rated Value, VBEloffi 
• 1.5 Vdc) 
- 
- 
0.5 


(VCEV = Rated Value, VBEloff)' 
1.5 Vdc, TC' 
150°C) 
- 
- 
2.5 


Collector Cutoff Current 
ICER 
3.0 
mAde 


IVCE = Rated VCEV, RBE· 
50 n, TC = 100°C) 


Emitter Cutoff Current 
'EBO 
- 
- 
1.0 
mAde 
IVEB • 6.0 Vdc, IC : 0) 


SECOND BREAKDOWN 


Second Breakdown 
Collector 
Current with base forward biased 


Clamped 
Inductive SOA with Base Reverse Biaseo 


ON CHARACTERISTICS 
(1) 


See Figure 12 


See Figure 
13 


DC Current 
Gain 
hFE 
15 
- 
- 
- 


(lC • 2.0 Adc, V CE • 5.0 Vdcl. 


Collector-Emitter 
Saturation 
Voltage 
VCElsat) 
Vdc 
(lC' 
4 
Adc, IB = 
1.0 Adc) 
- 
- 
1.5 
(lC = 8 
Adc, 'B = 3.0 Adc) 
- 
- 
5.0 
(lC = 4 
Adc, IB = 
1.0 Adc, 
TC' 
HlOoC) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBElsat) 
Vdc 
(lC = 
4 
Adc, IB • 
1.0 Adc) 
- 
- 
1.5 
(lC· 
4 
Adc, IB : 
1.0 Adc, 
TC = HlOoC) 
- 
- 
1.5 


DYNAMIC 
CHARACTERISTICS 


Output 
Capacitance 


IVCB' 
10 Vdc, IE = 0, ften 
• 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 


Delay Time 
IVCC: 
250 Vdc, IC 
4.0 A, IBI = 1.0 A, 
td 
- 
0.025 
0.1 
,n 


Rise Time 
tp'" 50 
J,lS, Duty 
Cycle 
.;; 2%1 
tr 
- 
0.100 
0.5 
/,s 


Storage Time 
IVCC = 250 Vdc, IC = 4.0 A, IBI 
= 1.0 A, 
ts 
- 
0.60 
2.0 
/,s 


Fall Time 
VBEloffl 
• 5 Vdc, tp = 50 /'s, Duty Cycle 
';;2%1 
tf 
- 
0.11 
0.5 
/,S 


Inductive 
Load, Clamped 
(Table 1) 


Storage Time 


(lC =4 Alpkl, 
VCElpkJ = 250 Vdc, 181 = 1.0 A, 
tsv 
- 
0.8 
3.0 
/,S 


Crossover 
Time 
VBE(off). 
5 Vdc, TC' 
100°C) 
tr 
- 
0.4 
1.5 
/,S 


Fall Time 
tfi 
0.1 
~s 


Storage Time 
IIC = 4 A(pk), VCE(~k)' 
250 Vdc, IBI • 1.0 A, 
tsv 
- 
0.5 
- 
/,S 


Crossover Time 
VBE(off) 
- 5 Vdc, TC = 25°C) 
tc 
- 
0.125 
- 
/" 


Fall Time 
tli 
- 
0.1 
- 
/" 


-I-.... 


TJ" 
150°C" 
I- 
- 
TJ '" 2SoC 


"- !'.. 


VCE " 5V 


0 


100 
z 
70 
;;: 
Cl 
50 
•... 


~ 
30 
a 
20 
u 
:. 
10 


~ 
7.0 


5.0 


3.0 


2. 


0.2 
0.3 
0.5 
0,7 
1.0 
2.0 
30 


IC. COLLECTOR 
CURRENT 
(AMPS) 


FIGURE 3 - COLLECTOR·EMITTER 
SATURATION 
VOLTAGE 
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VBE. BASE·EMITIER 
VOLTAGE 
(VOLlS) 
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lB. BASE CURRENT 
(AMPS) 


2.0 


1.6 


~ 
1.2 
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IC. 
COLLECTOR 
CURRENT 
(AMPS) 


3O~.1 
0.2 
0.5 
1.0 
5.0 
10 
20 
50 
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500 
1000 


VR. 
REVERSE 
VOLTAGE 
(VOLTS) 


-t'OV>~l 
500 II 
20 
XW 
fI) 
0.1 JJF 
Z 
0-u- 
1-0 
Input 
t500 


::;)- 
•..!: 
------,2 'VAI 
ZO 
-Z 
o 5012 


1I 
0 
XW 
U 
2W 


PW Varied 
to Attain 
0.2 JJF 
Ie" 
100mA 


O':"F 1 


~·V adjusted 
to 
obtain 
desired 
'B1 


+V 
adjusted 
to 
obtain 
desired 
VSE(offl 


r 
.., 
I 
: Reoil 
I 
I 
I 
I 
I 
I 
: 
: Leoil 
L J 
See above 
for 
Detailed 
Conditions 


1N4937 


0' 
Equivalent 


Lcoi. 
= 180 j.lH 


Rcoil 
"" 0,05 
n 


Vcc"" 
20 V 


Vclamp"" 
250 V 


RS adjusted 
to attain 
IS1 


Ten 
Equipment 


Scope 
- 
Tektronill 


475 
or Equ;valent 


181 adjusted 
to 


obtein 
the forced 


hFE 
desired 


TURN-OFF 
TIME 


Use inductive 
switching 


driver 
as the input 
to 


the resistive 
teu 
circuit. 


Vcc 
'" 250 
V 


RL" 
62 n 


Pulse Width::: 
10 JJS 


.Ie 
" 4 A 


Ie 
IB 
: C 


TJ : 250e 


1.0 


2.7 ~ 
2.• ~ 
2.1 
..• 


1.8 ~~ 
..• 
1.1 
!il 
> 
1.2 ~..• 
0.9 ~ 


0.6 ; 


0.3 


0 
8 


In 
resistive 
switching 
circuits, 
rise, 
fall, 
and 
storage 


times 
have 
been 
defined 
and 
apply 
to 
both 
current 
and 


voltage 
waveforms 
since 
they 
are 
in 
phase. 
However, 
for 
inductive 
loads 
which 
are common 
to SWITCHMODE 
power 
supplies 
and 
hammer 
drivers, 
current 
and 
voltage 


waveforms 
are not 
in phase. 
Therefor~, 
separate 
measure· 


ments 
must 
be 
made 
on 
each 
waveform 
to 
determine 


the 
total 
switching 
time. 
For 
this 
reason, 
the 
following 
new terms 
have been defined. 


tsv = Voltage 
Storage 
Time, 
90% 
IB1 to 10% VCE (pk) 


trv = Voltage 
Rise Time, 
10-90% 
VCE (pk) 
tfi 
= Current 
Fall Time, 
90-10% 
IC 


tti 
= Current 
Tail, 
10-2% 
IC 


tc 
= Crossover 
Time, 
10% VCE 
(pk) to 10% IC 
An enlarged 
portion 
of the inductive 
switching 
waveforms 


1.0 


0.70 


0.50 


0.30 


0.10 
~ 
~ 0.10 
>= 
0.07 


0.05 


0.03 


0.01 


VCC' 150 V 


lell8 
- 4 
..•.••.. 


TJ"" 
nine 


• 


~ 


is shown 
in Figure 
7 to aid in the 
visual 
identity 
of these 
terms. 


For 
the 
designer, 
there 
is 
minimal 
switching 
loss 
during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses 
occur 
during 
the 
crossover 
interval 
and 
can be obtained 
using the standard 
equation 
from 
AN-222: 


PSWT = 1/2 VCCIC(tc)f 
In general, 
trv + tfi = tc' 
However, 
at lower 
test currents 
this relationsnip 
may not 
be valid. 


As is common 
with 
most 
switching 
transistors, 
resistive 
switching 
is specified 
at 
250C 
and 
has 
become 
a bench- 


mark 
for 
designers. 
However, 
for 
designers 
of 
high 


frequency 
converter 
circuits, 
the 
user 
oriented 
specifica- 


tions 
which 
make 
this 
a "SWITCH 
MODE" 
transistor 
are 
the 
inductive 
switching 
speeds 
(tc 
and 
tsv) 
which 
are 
guaranteed 
at 1000C. 
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FORWARD 
BIAS 


There 
are two limitations 
on the power 
handling 
ability 


of 
a transistor: 
average 
junction 
temperature 
and 
second 
breakdown. 
Safe 
operating 
area 
curve$ 
indicate 
'C-VCE 
limits 
of the 
transi'tor 
that 
must 
be observed 
for reliable 
operation; 
i.e .. the 
transistor 
must 
not 
be 
subjected 
to 


greater 
dissipation 
than 
the 
curves 
indicate. 


The 
data 
of Figure 
12 is based 
on TC 
= 2SoC; 
TJ(pk) 
is variable 
depending 
on power 
level. 
Second 
breakdown 
pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ? 250C. 
Second 
breakdown 
limitations 
do 
not 
derate 
the 
same 
as thermal 
',mitations. 
Allowable 
current 
at the 
voltages 
shown 
on Figure 
12 may 
be found 


at any 
case temperature 
by using 
the 
appropriate 
curve 
on 
Figure 
14. 
TJ(pkl 
may 
be calculated 
from 
the 
data 
in Figure 
11. 
At high case temperatures. 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


For 
inductive 
loads, 
high voltage 
and high current 
must 
be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 
Under 
these 
conditions 
the 
collector 
voltage 
must 
be 
held 
to 
a safe 
level 
at or 
below 
a specific 
value 
of collector 
cur- 
rent. 
This 
can 
be accomplished 
by several 
means 
such 
as 
active 
clamping, 
RC snubbing, 
load 
line shaping, 
etc. The 


safe 
level 
for 
these 
devices 
is specified 
as Reverse 
Bias 
Safe 
Operating 
Area 
and 
represents 
the 
voltage-current 
condition 
allowable 
during 
reverse 
biased 
turn-off. 
This 


rating 
is verified 
under 
clamped 
conditions 
so that 
the 


device 
is never 
subjected 
to an avalanche 
mode. 
Figure 
13 
gives the complete 
R BSOA characteristics. 
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Designers·Data 
Sheet 


SWITCHMODEA 
SERIES 
NPN SILICON 
POWER TRANSISTORS 


The MJ8500 
and MJ8501 
transistors 
are designed 
for high- 


voltage, 
high-speed, 
power 
switching 
in inductive 
circuits 
where 
fall 
time 
is critical. 
They 
are particularly 
suited 
for line operated 
switch- 


mode 
applications 
such 
as: 


• 
Switching 
Regulators 


• 
Inverters 


• 
Solenoid 
and Relay 
Drivers 


• 
Motor 
Controls 


• 
Deflection 
Circuits 


Fast Turn-Off 
Times 


300 
n~ Inductive 
Fall Time 
- 
25°C 
(Typ) 
500 
ns Inductive 
Crossover 
Time 
- 
25°C 
(Typ) 
900 
ns Inductive 
Storage 
Time 
- 
25°C 
(Typ) 


Operating 
Temperature 
Range 
-65 
to 
+2000C 


1000C 
Performance 
Specified 
for: 
Reversed 
Biased SOA with 
Inductive 
Loads 


Switching 
Times 
with 
Inductive 
Loads 
Saturation 
Voltages 


Leakage 
Currents 


Rating 
Symbol 
MJ8500 
MJ8501 
Unit 


Collector·Emitter 
Voltage 
VCEOlsusl 
700 
800 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
1200 
1400 
Vdc 


Emitter 
Base Voltage 
VEB 
8.0 
8.0 
Vdc 


Collector 
Current 
Continuous 
IC 
2.5 
2.5 
Adc 
Peak 111 
ICM 
5.0 
5.0 


Base Current 
Continuous 
IB 
2.0 
2.0 
Adc 
Peak 111 
IRM 
4.0 
4.0 


Total 
Power Dissipation 
@ T C - 2SoC 
Po 
125 
125 
Watts 
@TC = 100°C 
71 
71 
Derate 
above 
2SoC 
0.71 
0.71 
w/oC 


Operating and Storage Junction 
TJ. T"g 
-65 
to +200 
°c 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, Junction to Case 
ReJC 
1.4 
°CIW 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°c 
Purposes: 
118" from 
Case for 5 Seconds 


(11 Pulse Test: Pulse Width 
- 5 ms, Duty 
Cvcle '" , 0%. 


MJ8500 
MJ8501 


NPN SILICON 


POWER TRANSISTORS 


Designer's 
Data for 


"Worst 
Case" 
Conditions 


The 
Designers· 
Data 
Sheet 
per- 
mits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
pre- 
sented. 
Limit 
data 
- 
representing 


device 
characteristics 
boundaries 
- 


are 
given 
to 
facilitate 
"worst 
case" 


design'. 


~- 


~ 
LI@-f 
t.~ 


NOTES: 


I. 
DIMENSIONS 
0 AND 
V ARE 
DATUMS. 


2. m IS SEATING 
PLANE 
AND 
DATUM. 


3. 
POSITIONAL 
TOLERANCE 
FOR 


MOUNTING 
HOLE 
0 
I • 
1 I." 10.••• 
' e IT Ive 
I 


FOR 
LEAOS; 


I .11"lOoo"eT I veloel 


4. 
DIMENSIONS 
AND 
TOLERANCES 
PER 


ANSI 
'114.5. 
1913. 


Collector-Emitter 
Sustaining Voltage (Table 1) 
MJS500 
VCEDlsusl 
700 
- 
- 
Vde 


IIC' 
100 mA, IS' 
0) 
MJS501 
SOO 
- 
- 


Collector Cutoff Current 
ICEV 
mAdc 


IVCEV = Rated Value, VBEloffi 
= 1.5 VdcJ 
- 
- 
0.25 


IVCEV = Rated Value, VSEloffi 
= 1.5 Vde, TC' 
1500CI 
- 
- 
50 


Collector Cutoff Current 
ICER 
- 
- 
5.0 
mAdc 


IVCE = Rated VCEV, RBE' 
50 n, TC = 100°C I 


Emitter Cutoff Current 
IESD 
1.0 
mAdc 
IVEB = 7.0 Vde, IC = 01 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 


Clamped Inductive SOA with BaseReverse Biased 


ON CHARACTERISTICS 
111 


See Figure 12 


See Figure 13 


DC Current Gain 
hFE 
7.5 
- 
- 
- 


IIc 
= 0.5 Adc, VCE = 5.0 Vdel 


COllector-Emitter 
Saturation Voltage 
VCElsatl 
Vde 
IIc 
= 1.0 Ade, IB = 0.33 Adcl 
- 
- 
2.0 
IIc = 2.5 Ade, IB = 1.0 Adcl 
- 
- 
5.0 
IIc = 1.0 Ade, IB = 0.33 Ade, Tc' 
100°C) 
- 
- 
3.0 


Base-Emitter Saturation Voltage 
VBE(sall 
Vde 
IIc 
= 1.0 Ade, IB = 0.33 Adcl 
- 
- 
1.5 


IIc 
= 1.0 Ade, IB = 0.33 Ade, TC = 100°C I 
- 
- 
1.5 


DYNAMIC 
CHARACTERISTICS 


Output Capacitance 
(VCB = 10 Vde, IE = 0, ftest = 1.0 kHzI 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 


Delay Time 
td 
- 
0.045 
0.20 
~s 


Rise Time 
(VCC = 500 Vde, IC = 1.0 A, 
t, 
- 
0.2 
2.0 
~s 


Storage Time 
IB1 = 0.33 A, VBEloffl 
= 5.0 Vdc, tp' 
50~s, 
ts 
- 
1.0 
4.0 
~s 
DUly Cycle" 
2.0%1 


Fall Time 
If 
- 
0.5 
2.0 
~s 


Inductive Load, Clamped (Table 1) 


Storage Time 
IIC - 
1.0 A(pkl, 
Vel amp = 500 Vde, IB1 - 0.33 A, 


'sv 
- 
1.3 
4.0 
~s 


CrossoverTime 
VBE(off) 
= 5 Vde, TC = 100°C I 
'e 
- 
0.6 
2.0 
~s 


Storage Time 
IIC = 1.0 Alpkl, 
Velamp = SOOVde, 
ISl 
= 0.33 A, 
'sv 
- 
0.9 
- 
~s 


Crossover Time 
VBEloff) 
= 5 Vdc, TC = 250CI 
te 
- 
0.5 
- 
~s 


Fall Time 
tfi 
- 
0.3 
- 
~s 


20 


z 
~ 
10 
>- 
~ 7.0 
'"=>u 
u 
5.0 
ci 


3.0 


- 


lOO·C 
VCE' 
5 V 
- 
- 


25°C 
r-: 


'" 


"- 


\ 


I 
2.0 
0.03 
0.05 
0.07 
0.1 
0.3 
0.5 
0.7 
1.0 


IC. COLLECTOR 
CURRENT (AMPS) 


FIGURE 3 - COLLECTOR·EMITTER 
SATURATION 
VOLTAGE 
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ICE. COLLECTOR 
CURRENT 
(AMPS) 
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VR. REVERSE 
VOLTAGE 
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In 
resistive 
switching 
circuits, 
rise, 
fall, 
and 
storage 


times 
have 
been 
defined 
and 
apply 
to 
both 
current 
and 


voltage 
waveforms 
since 
they 
are 
in 
phase. 
However, 


for inductive 
loads 
which 
are common 
to SWITCH MODE 
power 
supplies 
and 
hammer 
drivers, 
current 
and 
voltage 


waveforms 
are not 
in phase. 
Therefore, 
separate 
measure· 
ments 
must 
be 
made 
on 
each 
waveform 
to 
determine 


the 
total 
switching 
time. 
For 
this 
reason, 
the 
following 


new terms 
have been defined. 


tsv = Voltage 
Storage 
Time, 
90% 
181 to 10% VCE (pk) 


trv = Voltage 
Rise Time, 
10-90% 
VCE (pk) 
tfi = Current 
Fall Time, 
90-10% 
IC 


tti 
= Current 
Tail, 
10-2% 
IC 


tc 
= Crossover 
Time, 
10% VCE (pk) to 10% 'C 
An enlarged 
portion 
of the inductive 
switching 
waveforms 


is shown 
in Figure 
7 to aid in the 
visual 
identity 
of these 


terms. 


For 
the 
designer, 
there 
is 
minimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses occur 
during 
the 
crossover interval 
and 
can be obtained 
using the standard 
equation 
from 
AN-222: 


PSWT = 1/2 VCC'C(tclf 
In general, 
trv + tfi = tc' 
However, 
at lower 
test currents 
this relationship 
may not be valid. 
As is common 
with most switching 
transistors. 
resistive 


switching 
is specified 
at 
250C 
and 
has 
become 
a bench- 
mark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter 
circuits, 
the 
user 
oriented 
specifica- 


tions 
which 
make 
this 
a "SWITCHMODE" 
transistor 
are 


the 
inductive 
switching 
speeds 
(tc 
and 
tsv) 
which 
are 


guaranteed 
at 1000C. 


0 
vcc ~ S00V 
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vcc~ 
SIlOV 


ICllBl 
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TJ ~ 2S'C 
I I III 


~ 0.700 


~ 
0.500 


>= 


0.3 \ 
0.5 
0.7 
1.0 
'c, COLLECTOR 
CURRENT {AMPS} 


ROJcCtI - dll 
ROJC 
ROJC- 1.4'CIW 
Max. 


TJlpkl- 
TC' 
Plpk) ROJCCt) 
--- 
L---"" 


-- 
-- 


All 
Diodes 
- 
1N4934 


All 
NPN - 
MJE200 
All 
PNP - 
MJE210 
Adjust 
to 
obtain 


VBE(offl'"' 
5.0 V 
Adjust 
R 1 to obtain 
I B 1 


For switching 
and RBSOA' 
R2 = 0 


For 
BVCEO(sus). 
R2 
E 
00 


Lcoil· 
180,uH 


Rc;:Oil· 
005 n 


VCC-20V 


Ten Equipment 


Scope - Tektronill 


475 
or 
Equi ••••lent 


0.3 
« 0 
0.2 
~~ 
w~ 
i= ~ 
0.1 
•... '" 
~ 
~ 
0.07 
~ - 
0.05 
:i 
I- 
0.03 


" 
0.02 


IBl 
edJuued 
to 


Obtain 
the forced 


"FE 
des,red 


TURN·OFF 
TIME 
Use inductive 
,,,,,,,itching 


dri",er 
.s 
the 
input 
to 


the 
resistive 
tlln 
circuit. 


Vcc" 
500 V 


RL~500n 


Pulse 
Width"" 
, 0 Iols 


For 
inductive 
loads, 
high voltage 
and high current 
must 
be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 
Under 


these 
conditions 
the 
collector 
voltage 
must 
be 
held 
to 
a safe 
level 
at or 
below 
a specific 
value 
of collector 
cur- 


rent. 
This 
can 
be accomplished 
by several 
means 
such 
as 
active 
clamping, 
RC snubbing, 
load 
line shaping, 
etc_ The 


safe 
level 
for 
these 
devices 
is specified 
as Reverse 
Bias 


Safe 
Operating 
Area 
and 
represents 
the 
voltage-current 
condition 
allowable 
during 
reverse 
biased 
turn-off. 
This 


rating 
is verified 
under 
clamped 
conditions 
so that 
the 
device 
is never 
subjected 
to an avalanche 
mode. 
Figure 
13 
gives the complete 
R BSOA characteristics_ 


FIGURE 
14 - 
POWER 
DERATING 


f 
:E~ 
I- 
1.0 
~ 
'" 
=>u 


~ 
.10 


~ 
.05 


82 
.01 


.005 


.001 
B 110 


r:t= TC- 15~C 


BONDING WIRE LIMIT 
THERMAL LIMIT 
SECOND BREAKDOWN LIMIT 


MJB50~ 
MJB50i~ 


I 
I 
I 
I 
\ 
VBElolf)·1 
to 7 v- 


f-- - 
TJ •• 10D"C 
1\ 
IC/!B;>1.5 
\ 


I--- 
FOR MJB500 RBSOA 
1\ 
LIMIT IS 100 VOLTS LESS 
""" 


'\ 
I"': 
I--~ 


f 1.5 


:E~r 


o 


a: 
1.5 


~8 1.0 


'"« 
~ 
0.5 
~ 


FORWARD 
BIAS 


There 
are two limitations 
on the power 
handling 
ability 


of 
a transistor: 
average 
junction 
temperature 
and 
second 
breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 


limits 
of 
the 
transistor 
that 
must 
be observed 
for 
reliable 


operation; 
I.e., 
the 
transIstor 
must 
not 
be subjected 
to 
greater dissIpation 
than the curves lndlt:ate. 


The 
data 
of Figure 
12 is based 
on TC 
= 250C; 
TJ(pkl 
is varrable 
depending 
on power 
level. Second 
breakdown 
pulse 
limits 
are valid for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
Te ;;. 250C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
lImitations. 
Allowable 


current 
at 
the 
voltages 
shown 
on 
FIgure 
12 
may 
be found 
at any case temperature 
by uSing the approprIate 
curve on 
Figure 
14. 
TJ(pkl 
may 
be calculated 
from 
the 
data 
in Figure 
11. 


At 
high 
case temperatures, 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 


limitations 
imposed 
by 
second 
breakdown. 
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SWITCHMODE'" 
SERIES 
NPN SILICON 
POWER TRANSISTORS 


The MJ8502 
and MJ8503 
transistors 
are designed 
for high-voltage, 
high-speed, 
power 
switching 
in inductive 
circuits 
where 
fall time 
is 
critical. 
They 
are 
particularly 
suited 
for 
line 
operated 
switch mode 


applications 
such as: 


• 
Switching 
Regulators 


• 
Inverters 


• 
Solenoid 
and 
Relay 
Drivers 


• 
Motor 
Controls 


• 
Deflection 
Circuits 


Fast Turn-Off 
Times 


150 ns Inductive 
Fall Time-25°C 
(Typ) 


400 ns Inductive 
Crossover 
Time-25°C 
(Typ) 


1200 
ns Inductive 
Storage 
Time-25°C 
(Typ) 


Operating 
Temperature 
Range -65 
to + 200°C 


lOOoC Performance 
Specified 
for: 
Reverse-Biased 
SOA with 
Inductive 
Loads 
Switching 
Times with 
Inductive 
Loads 
Saturation 
Voltages 
Leakage 
Currents 


Rating 
Symbol 
MJ8502 
MJ8503 
Unit 


Collector·Emitter 
Voltage 
VCEO(,u,) 
700 
800 
Vde 


Collector-Emitter 
Voltage 
\lCEV 
1200 
1400 
Vde 


Emitter 
Base Voltage 
VEB 
8.0 
8.0 
Vde 


Collector 
Current 
- 
Continuous 
IC 
5.0 
5.0 
Ade 
Peak (11 
ICM 
10 
10 


Base Current 
- 
Continuous 
18 
4.0 
4.0 
Ade 
Peak (11 
IBM 
8.0 
8.0 


Total 
Power Dissipation 
@ T C = 2SoC 
PD 
150 
150 
Watts 


@TC = 100°C 
86 
86 
Derate 
above 
2SoC 
0.85 
0.85 
W/oC 


Operating and Storage Junction 
TJ. Tstg 
-65 
to +200 
°c 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, Junction 
to Case 
ReJC 
1.16 
°CIW 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°c 
Purposes: 
118" from 
Case for 5 Seconds 


(1) Pulse Test: Pulse Width 
- 5 ms, Duty Cycle", 
10%. 


MJ8502 
MJ8503 


NPN SILICON 
POWER TRANSISTORS 


The 
Designers'" 
Data 
Sheet 
per- 


mits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
pre- 


sented. 
Limit 
data 
- 
representing 


device 
characteristics 
boundaries 
- 


are 
given 
to 
facilitate 
"worst 
case" 
design. 


NOTES: 


1. DIMENSIONS 
Q AND 
V ARE 
DATUMS. 


2. CiJ IS SEATING 
PLANE 
AND 
DATUM 


3. POSITIONAL 
TOLERANCE 
FOR 


MOUNTING 
HOLE 
Q: 


1.11.131O.005l@I,lv@1 


FOR 
LEADS: 


1.1 
I.I3I0005l@' 
I v@1 Q@I 


4. 
DIMENSIONS 
AHo 
TOLERANCES 
PER 


ANSI Y14.5. 
1913. 


Collector-Emitter 
Sustaining Voltage (Table 1) 
MJ8502 
VCEOlsusl 
700 
- 
- 
Vdc 


IIC' 
100 mA. IS' 
01 
MJ8503 
BOO 
- 
- 


Collector Cutoff Current 
ICEV 
mAdc 


IVCEV • Rated Value. VSEloff) 
• 1.5 Vdc) 
- 
- 
0.25 


IVCEV' 
Rated Value. VSEloff) 
• 1.5 Vdc. TC' 
1500CI 
- 
- 
5.0 


Collector Cutoff Current 
ICER 
- 
- 
5.0 
mAdc 


IVCE' 
Rated VCEV .•RSE' 
50 n. TC' 
1000CI 


Emitter Cutoff Current 
IE~O 
- 
- 
1.0 
mAdc 


IVES = 7.0 Vdc. IC = 0) 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 


Clamped Inductive SOA with Base Reverse Biased 


ON CHARACTERISTICS 
III 


See Figure 12 


See Figure 13 


DC Current Gain 
hFE 
7.5 
- 
- 
- 


IIc = 1.0 Adc. VCE = 5.0 Vdc) 


Collector-Emitter 
Saturation Voltage 
VCElsatl 
Vdc 
IIc = 2.5 Adc. IS • 1.0 Adc) 
- 
- 
2.0 


(lc = 5.0 Adc. IS = 2.0 Adc) 
- 
- 
5.0 


IIc = 2.5 Adc.IS 
= 1.0 Adc. TC = 100°C) 
- 
- 
3.0 


Base-Emitter Saturation Voltage 
VSElsat) 
Vdc 


IIc = 2.5 Adc.IS 
= 1.0 Adcl 
- 
- 
1.5 


IIc = 2.5 Adc. \S = 1.0 Adc, TC = 100°C) 
- 
- 
1.5 


DYNAMIC 
CHARACTERISTICS 


Output Capacitance 


IVCS = 10 Vdc. IE = O. ftest 
= 1.0 kHzl 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 


Delay Time 
td 
- 
0.040 
0.20 
~s 


Rise Time 
IVCC = 500 Adc, IC = 2.5 A, 
tr 
- 
0.125 
2.0 
~s 


Storage Time 
ISI = 1.0 A, VSEloffl 
= 5.0 Vdc, tp = 50 ~s, 
ts 
- 
4.0 
~s 
Duty Cycle" 
2.0%1 
1.2 


Fall Time 
tf 
- 
0.65 
2.0 
~s 


Inductive Load, Clamped (Table 1) 


Storage Time 
IIC = 2.5 Alpkl, 
Vclamp = 500 Vdc, ISI = 1.0 A, 
tsv 
- 
1.6 
5.0 
~s 


Crossover Time 
VSEloffl 
= 5 Vdc. TC = 100°C) 
tc 
- 
0.60 
2.0 
~s 


Storage Time 
IIC = 2.5 A(pkl, 
Vclamp = 500 Vdc, ISI = 1.0 A, 
tsv 
- 
1.2 
- 
~s 


Crossover Time 
VSEloff) 
= 5 Vdc. TC = 250CI 
tc 
- 
0.4 
- 
~s 


Fall Time 
tfi 
- 
0.15 
- 
~s 
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In 
resistive 
switching 
circuits, 
rise, 
fatl, 
and 
storage 


times 
have 
been 
defined 
and 
apply 
to 
both 
current 
and 


voltage 
waveforms 
since 
they 
are 
in 
phase. 
However, 


for 
inductive 
loads 
which 
are common 
to SWITCH MODE 
power 
supplies 
and 
hammer 
drivers, 
current 
and 
voltage 


waveforms 
are not 
in phase. 
Therefore, 
separate 
measure- 


ments 
must 
be 
made 
on 
each 
waveform 
to 
determine 


the 
total 
switching 
time. 
For 
this 
reason, 
the 
following 


new terms 
have been defined. 


tsv = Voltage 
Storage 
Time, 
90% 
IS1 tn 10% VCE(pk) 


trv = Voltage 
Rise Time, 
10-90% 
VCE(pk) 


tfi 
= Current 
Fall Time, 
90-10% 
IC 


tti 
= Current 
Tail, 
10-2% 
IC 
tc 
= Crossover 
Time, 
10% VCE(pk) 
to 10% IC 
An enlarged 
portion 
of the inductive 
switching 
waveforms. 


is shown 
in Figure 
7 to aid in the 
visual 
identity 
of these 


terms. 
For 
the 
designer, 
there 
is 
minimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses 
occur 
during 
the 
crossover 
interval 
and 


can be obtained 
using the standard 
equation 
from 
AN-222: 


PSWT = 1/2 VCCIC(tclf 
In general, 
trv + tfi = tc' 
However, 
at lower 
test currents 
this relationship 
may not be valid . 


As is common 
with 
most 
switching 
transistors, 
resistive 
switching 
is specified 
at 250C 
and 
has 
become 
a bench- 
mark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter 
circuits, 
the 
user 
oriented 
specifica· 


tions 
which 
make 
this 
a "SWITCH 
MODE" 
transistor 
are 
the 
inductive 
switching 
speeds 
(tc 
and 
tsvl 
which 
are 


guaranteed 
at loooC. 
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Diodes - 
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All 
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Adjust 
R 1 to obtain 
I B 1 
For switching 
and RBSOA. 
R2 = 0 


For 
BVCEO(sus), 
R2 "' ••• 
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Us, 
inductive 
switching 


driver 
., 
the input 
to 
the 'es'st,ve te,t circuit. 


Vcc~ 
500 V 
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Pulse Width"" 
, 0 ,",,' 


FIGURE 
12 - 
FORWARD 
BIAS SAFE OPERATING 
AREA 
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There 
are two 
limitations 
on the 
power 
handling 
ability 


of 
a tranSistor: 
average 
junction 
temperature 
and second 
breakdown. Safe operating area curves ,ndicate IC-VCE 


limits 
of 
the 
transIstor 
that 
must 
be observed 
for 
reliable 


operation, 
I.e., 
the 
transistor 
must 
not 
be 
subjected 
to 


greater 
disSipation 
than 
the curves 
lndlt:ate. 


The data of Figure 12 IS based on TC = 250C; TJ!pk) 


IS va"able depending on power level. Second breakdown 
pulse limits ~re valid for duty cvcles to 10% but must be 
derated when TC ;;;. 250C. Second breakdown limitations 
do not derate the same as thermal limitations. 
Allowable 
current at the voltages shown on Figure 12 mav be found 
at any case temperature 
by using the appropriate 
curve on 
Figure 14. 


TJ!pk) 
mav be calculated from the data in Figure 11. 


At 
high case 
temperatures, 
thermal 
Ijmlta~ions 
will 
reduce 
the power that can be handled to values less than the 
limitations 
Imposed bv second breakdown. 


For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, 
in most cases, 
with 
the base to emitter junction 
reverse biased. Under 
these conditions 
the collector 
voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition 
allowable during reverse biased turn-off_ This 
rating is verified 
under clamped conditions 
so that the 
device is never subjected to an avalanche mode. Figure 13 
givesthe complete RBSOA characteristics. 
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® MOTOROLA 


SWITCHMODEA 
SERIES 
NPN SILICON 
POWER TRANSISTORS 


The MJ8504 
and MJ8505 
transistors 
are designed 
for high- 


voltage, 
high-speed, 
power 
switching 
in inductive 
circuits 
where 
fall 


time is critical. 
They 
are particularly 
suited 
for line operated 
switch- 


mode 
applications 
such as: 


• 
Switching 
Regulators 


• 
Inverters 


• 
Solenoid 
and Relay 
Drivers 


• 
Motor 
Controls 


• 
Deflection 
Circuits 


Fast Turn-Off 
Times 


75 ns Inductive 
Fall Time 
-250C 
(typ) 


150 ns Inductive 
Crossover 
Time 
-250C 
(typ) 


1.25/ls 
Inductive 
Storage 
Time 
-250C 
(typ) 


Operating 
Temperature 
Range 
-65 
to + 2000C 


1000C 
Performance 
Specified 
for: 


Reverse-Biased 
SOA with 
Inductive 
Loads 
Switching 
Times 
with 
Inductive 
Loads 


Saturation 
Voltages 


Leakage 
Currents 


Rating 
Symbol 
MJ8504 
MJ8505 
Unit 


Collector-Emitter 
Voltage 
VCEO(susl 
700 
800 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
1200 
1400 
Vdc 


Emitter BaseVoltage 
VEB 
8.0 
8.0 
Vdc 


Collector Current - Continuous 
IC 
10 
10 
Adc 
Peak (11 
ICM 
15 
15 


Base Current 
- 
Continuous 
IB 
8 
8 
Adc 
Peak III 
IBM 
12 
12 


Total 
Power 
Dissipation 
@ T C :: 2SoC 
Po 
175 
175 
Watts 
@TC: 
100°C 
100 
100 
Derate 
above 2SoC 
1.0 
1.0 
W/oC 


Operating and Storage Junction 
TJ. Tstg 
-65 
to +200 
°c 


Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
Junction 
to Case 
ReJC 
1.0 
°C/W 


Maximum Lead Temperature for Soldering 
TL 
275 
°c 


Purposes: 
118" from Case for 5 Seconds 


(1) Pulse Test: Pulse Width - 5 ms, Duty Cycle";;; 10%. 


MJ8S04 
MJ8S0S 


NPN SILICON 
POWER TRANSISTORS 


The 
Designers· 
Data 
Sheet 
per· 
mits 
the 
design of 
most 
circuits 
entIrely 
from 
the information 
pre- 
sented. 
Limit 
data 
- 
representing 
device characteristics boundaries - 
are given to facilitate 
"worst case" 
design. 


L~t9' 
t. 
° 
x 


NOTES 


I. 
DIMENSIONS 
0 AND 
V ARE 
DATUMS 


2. CD IS SEATING 
PLANE 
AND 
DATUM. 


3. 
POSITIONAL 
TOLERANCE 
FOR 


MOUNTING 
HOLE a 
I • 1113I00051@ I 1 Iv<~I 


FORLEAOS 
I .11.13100051@1 I v@1 Q@I 


4.0IMENSIONSANOTOLERANCESPER 


ANSI 
Y14.5.1913. 


Collector-Emitter 
Sustaining Voltage 
(Table 1) 
MJ8504 
VCEOlsus) 
700 
- 
- 
Vde 
(lC = 100mA,IB 
=0) 
MJ8505 
800 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 


(VCEV = Rated Value, VBEloff) 
= 1.5 Vde) 
- 
- 
0.25 


(VCEV = Rated Value, VBEloffi 
= 1.5 Vde, TC = 150°C) 
- 
- 
5.0 


Collector 
Cutoff 
Current 
ICER 
- 
- 
5.0 
mAdc 


IVCE = Rated VCEV, RBE = 50 n, TC = 100°C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
1.0 
mAdc 
IVEB = 7.0 Vde, IC ~ 0) 


SECOND BREAKDOWN 


Second Breakdown 
Collector 
Current with base forward biased 


Clamped 
Inductive SOA with Base Reverse Biased 


ON CHARACTERISTICS 
111 


See Figure 12 


See Figure 13 


DC Current 
Gain 
hFE 
7.5 
- 
- 
- 


(lC = 1.5 Ade, VCE = 5.0 Vde) 


Collector-Emitter 
Saturation 
Voltage 
VCElsat) 
Vde 
(lc = 5.0 Ade, IB = 2.0 Adcl 
- 
- 
2.0 
(lc = 10 Ade, IB = 4.0 Ade) 
- 
- 
5.0 
(lc = 5.0 Ade, IB = 2,0 Ade, TC = 100°C) 
- 
- 
3.0 


Base-Emitter 
Saturation 
Voltage 
VBElsat) 
Vde 
(lC = 5.0 Ade, IB = 2.0 Adcl 
- 
- 
1.5 
(lC = 5.0 Ade, IB = 2.0 Ade, TC = 100°C) 
- 
- 
1.5 


DYNAMIC 
CHARACTERISTICS 


Output 
Capacitance 
(VCB = 10 Vde, IE = 0, ftest = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 


Delay Time 
td 
- 
0.050 
0.20 
ps 


Rise Time 
(VCC = 500 Vde, IC = 5.0 A, 
t, 
- 
0.175 
2.0 
ps 


Storage Time 
IBl 
= 2.0 A, VBE(offi 
= 5.0 Vde, tp = 50ps, 


ts 
- 
4.0 
ps 
Duty Cycle 
:co;; 2.0%) 
1.25 
Fall Time 
tf 
0.60 
2.0 
ps 


Inductive 
Load, Clamped 
(Table 1) 


Storage Time 
(lc = 5.0 A(pk), Vclamp = 500 Vde, IB1 = 2.0 A, 
tsv 
- 
1.75 
5.5 
ps 


Crossover Time 
VBElofl) 
= 5 Vde. TC = 100°C 
te 
- 
0.400 
2.0 
ps 


Storage Time 
(lC = 5.0 A(pk), 
Vclamp = 500 Vde, 
IB1 = 2.0 A, 
tsv 
- 
1.25 
- 
ps 


Crossover Time 
VBEloffi 
= 5 Vde, TC = 250CI 
te 
- 
0.150 
- 
ps 


Fall Time 
tfi 
- 
0.075 
- 
ps 


- 
'"~ 


VCE = 5 V 
10001;\ ""- 
25°C 


"'I\. 


1\ 


FIGURE 3 - 
COLLECTOR·EMITTER 
SATURATION 
REGION 
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In 
resistive 
switching 
circuits. 
rise. 
fall. 
and 
storage 
times 
have 
been 
defined 
and 
apply 
to 
both 
current 
and 
voltage 
waveforms 
since they 
are 
in 
phase. However. 


for inductive 
loads 
which 
are common 
to SWITCHMODE 
power 
supplies 
and 
hammer 
drivers. 
current 
and 
voltage 


waveforms 
are not 
in phase. 
Therefore. 
separate 
measure· 


ments 
must 
be 
made 
on 
each 
waveform 
to 
determine 
the 
total 
switching 
time. 
For 
this 
reason. 
the 
following 


new terms 
have been defined. 


tsv = Voltage 
Storage 
Time. 
90% 
IB1 to 10% VCE(pk) 
trv = Voltage 
Rise Time, 
10-90% 
VCE(pk) 
tfi 
= Current 
Fall Time, 
90-10% 
IC 


tti 
= Current 
Tail, 
10-2% 
IC 
tc 
= Crossover 
Time, 
10% VCE(pk) 
to 10% IC 
An enlarged 
portion 
of the inductive 
switching 
waveforms 


is shown 
in Figure 
7 to aid in ,he 
visual 
identity 
of these 


terms. 
For 
the 
designer, 
there 
is 
minimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses occur 
during 
the 
crossover interval 
and 


can be obtained 
using 
the standard 
equation 
from 
AN-222A: 


PSWT = 1/2 V cclettclf 
In general, trY + tfi = tc. However, at lower test currents 
this relationship 
may not be valid . 


As is common 
with most switching 
transistors. 
resistive 
switching 
is specified 
at 
250C 
and 
has 
become 
a bench· 


mark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter circuits, the user oriented specifica- 


tions 
which 
make 
this 
a "SWITCHMODE" 
transistor 
are 
the 
inductive 
switching 
speeds 
(tc 
and 
tsv) 
which 
are 
guaranteed 
at 1000C. 
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driver 
., 
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7 
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obtain 
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VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 


There 
are two 
limitations 
on the 
power 
handling 
ability 


of 
a transistor" 
average 
junction 
temperature 
and 
second 


breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 


IlmilS 
of 
the transistor 
that 
must 
be observed 
for 
reliable 


operation; 
i.e., 
the 
transistor 
must 
not 
be 
subjected 
to 


greater 
dissipation 
than 
the 
curves 
Indicate. 


The 
data 
of 
Figure 
12 is based 
on 
TC 
= 250C; 
TJ(pkl 


is variable 
depending 
on 
power 
level. 
Second 
breakdown 


pulse 
limits 
are 
valid 
for 
duty 
cycles 
to 
10% 
but 
must 
be 


derated 
when 
TC 
~ 
25°C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
a~ thermal 
limitations. 
Allowable 


current 
a-I the 
voltages 
shown 
on Figure 
12 may 
be found 


at any 
case temperature 
by using 
the 
appropriate 
curve 
on 


Figure 
14. 


TJ(pkl 
may 
be calculated 
from 
the 
data 
In Figure 
11. 


At 
high 
case temperatures, 
thermal 
limitations 
will 
reduce 


the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 


limitations. 
imposed 
by 
second 
breakdown 


For 
inductive 
loads, 
high 
voltage 
and 
high 
current 
must 


be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, 


with 
the 
base 
to 
emiller 
junction 
reverse 
biased. 
Under 


these 
conditions 
the 
collector 
voltage 
must 
be 
held 
to 


a safe 
level 
at 
or 
below 
a specific 
value 
of 
collector 
cur- 


rent. 
This 
can 
be accomplished 
by 
several 
means 
such 
as 


active 
clamping, 
RC snubbing, 
load 
line 
shaping, 
etc. 
The 


safe 
level 
for 
these 
devices 
is 
specified 
as Reverse 
Bias 


Safe 
Operating 
Area 
and 
represents 
the 
voltage-current 


condition 
allowable 
during 
reverse 
biased 
turn-off. 
This 


rating 
is 
verified 
under 
clamped 
conditions 
so that 
the 


device 
is never 
subjected 
to an avalanche 
mode. 
Figure 
13 


gives the 
complete 
R BSOA 
characteristics. 
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"'" 
....••...... 


Second 
Breakdown 


""" 
......r-.... 
Derating 
- 


Therma~' 


.....••••..•• 
,- 


Derating 
---11 ~ 
...•.•. •••....... 


•...••...... 


...... 


" 
......•.• 


.......•.••. 


@ MOTOROLA 


SWITCHMODEA 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


The 
MJlooo0 
and 
MJloo0l 
darlington 
transistors 
are 
designed 
for 
high-voltage, 
high-speed, 
power 
switching 
in inductive 
circuits 
where 
fall 
time 
is critical. 
They 
are 
particularly 
suited 
for 
line 


operated 
switch-mode 
applications 
such as: 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid 
and Relay 
Drivers 
• 
Motor 
Controls 
• 
Deflection 
Circuits 


loooC 
Performance 
Specified 
for: 


Reversed 
Biased SOA with 
Inductive 
Loads 
Switching 
Times 
With 
Inductive 
Loads - 
210 ns Inductive 
Fall Time 
(Typl 
Saturation 
Voltages 
Leakage 
Currents 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MJ10000 
MJ1000l 
Unit 
Collector-Emitter 
Voltage 
VCEO(sus) 
350 
400 
Vdc 


Collector-Emitter 
Voltage 
VCEXlsus) 
400 
450 
Vdc 
Collector-Emitter 
Voltage 
VCEV 
450 
500 
Vdc 
Emitter Base Voltage 
VEB 
B 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
20 
Adc 
-Peak 
(1) 
'CM 
30 
Base Current - Continuous 
IB 
2.5 
Adc 
-Peak!l) 
IBM 
5 
Total Power Dissipation @ TC :: 2SoC 
PD 
175 
Watts 
@TC= 
100°C 
100 
Derate above 25°C 
1 
wf'c 
Operating and Storage Junction 
TJ.Tstg 
-65 to +200 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Ch.raeteriltic 
Symbol 
Max 
Unit 


Thermal Resistance. Junction to Case 
R8JC 
1 
°CIW 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°c 
Purposes: 1IB" from Case for 5 Seconds 


(t) Pulse Test: Pulse Width - 5 ms. Dutv Cycle •• 10%. 


MJI0000 
MJI0001 


20 AMPERE 


NPN SILICON 


POWER DARLINGTON 
TRANSISTORS 


Designer's 
Data for 
"Worst 
Case" 
Conditions 


The 
Designer •.•. Data 
Sheet 
per- 
mits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
pre- 
sented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to facilitate 
"worst 
case" 
design. 


L131-f 
t.~ 


NOTES 


1. DIMENSIONS 
0 AHO 
V ARE 
OATUMS 


2. ill 1$ SEATING 
PLANE 
AND 
DATUM 


3. 
POSITlONAL 
TOLERANCE 
FOR 
MOUNTING 
HOLE D· 


I + I 1.131000s,e1,Ivel 


FDA lEADS 
I + 1113"OO5le, I vel 
oel 


4. D1MENSIONSANOTOlERANCE$PER 
ANSI '1'14.5. 1973. 


MILLIMETERS 


O'M 
IiIIIIl 
MAX 


" 
39.31 
• 
21118 
C 
6.35 
1.62 
o 
D.97 
1.09 
E 
.43 
f 
301 
SC 
G 
10.921SC 
H 
5.46ISC 
J 
IS.alSt 


K 
11.11 
12.19 


Q 
3.'1 
4.19 
R 
26.61 
U 
4.83 
5.33 
II 
3.11 
4.19 
CASE 1-05 TO-3 


ELECTRICAL 
CHARACTERISTICS 
ITC - 25°C unle•• otherwise notedl. 
I 
a.-lItIc 
I Symllol 


OFF CHARACTERISTICS (2) 
Collector-Emitter Sus"ning 
VoIta9t ITable 1) 
VCEOlsus) 
Vde 
(lC - 250 mA,lB ~ 0, Velamp - Rated VCEO) 
MJl0000 
350 
- 
- 
MJ1000l 
400 
- 
- 


Collector-Emitter 
Sustaining Voltage 
(Table 1, Figure 12) 
VCEXlsus) 
Vde 
IC - 2 A, Velamp - Rated VCEX, TC -100°C 
MJ10000 
400 
- 
- 
MJ1000l 
450 
- 
- 
IC - 10 A, Velamp - Rated VCEX, TC ~ 100°C 
MJl0000 
275 
- 
- 
MJ1000l 
325 
- 
- 
Collector Cutoff Current 
ICEV 
mAde 
IVCEV - Rated Value, VBEloffl- 
1.5 Vde) 
- 
- 
0.25 
IVCEV - Rated Value, VBE(off)"- 1.5 Vde, TC - 150°C) 
- 
- 
5 


Collector Cutoff Current 
ICER 
- 
- 
b 
mAde 
(VCE ~ Rated VCEV, RBE - 50 n,TC -100°C) 
Emitter Cutoff Current 
lEBO 
- 
- 
150 
mAde 
(VeB - B Vde, IC - 0) 


SECOND BREAKDOWN 
Second Breakdown Collector Current with base forward biased 


DC Current 
Gain 
hFE 
- 
(lC - 5 Ade, VCE - 5 Vde) 
50 
- 
600 
(lc - 10 Ade, VCE - 5 Vde) 
40 
- 
400 


COllector-Emitter 
Saturation 
Voltage 
VCEI••tl 
Vdc 
(lC ~ 10 Ade, IB - 400 mAde) 
- 
- 
1.9 
(lC - 20 Ade, IB - 1 Adel 
- 
- 
3 
(lC - 10 Ade,lB - 400 mAde, TC· 
100°C) 
- 
- 
2 
B-.Emitter 
Saturation Voltage 
VBEI••tl 
Vdc 
(lC· 
10 Ade, IB - 400 mAde) 
- 
- 
2.5 
(lC - 10 Ade,lB - 400 mAde, TC ~ 100°C) 
- 
- 
2.5 
Diode Forwerd Volta9t (11 
Vf 
- 
3 
5 
Vde 
(IF -10 
Ade) 


Small-Signal Current 
Gain 
Ih'leI 
10 
- 
- 
(lC ~ 10 Ade, VCE - 10 Vde, ftest = 1 MHz) 


Output 
Capacitance 
Cob 
100 
325 
pF 
IVCB = 10 Vde, IE - 0, ftest - 100 kHzI 


Resisti1/8Load (Table 11 
Delay Time 
ld 
'- 
0.12 
0.2 
,.s 
IVCC = 250 Vde, IC - 10 A, 
Rise Time 
IBI ·400 
mA, VBEloff) ~ 5 Vde, tp'- 50 1'1, 
tr 
- 
0.20 
0.6 
,.. 


Storage Time 
Duty Cycle •• 2%l. 
to 
- 
1.5 
3.5 
,.s 


Fall Time 
tf 
- 
1.1 
2.4 
,.s 
Inducti1/8Load, Clamped (Table 11 


Storage Time 
(lC - 10 Alpkl. Velamp - Rated VCEX, 'Bl - 400 mA, 
tov 
- 
3.5 
5.5 
,.s 


Crossover Time 
VBE(off) - 5 Vde, TC • l000CI 
,Ie 
- 
1.5 
3.7 
1'1 


Storage 
Time 
(lC - 10 Alpk), Vclamp - Rated VCEX, IBI - 400 mA, 
tsv 
- 
1.0 
- 
,.s 
Crossover 
Tim. 
VBE(offl - 5 Vde, TC - 250CI 
Ie 
- 
0.7 
- 
,.s 


f1} The internal 
Collector-to-Emitter 
diode can eliminete 
the need for an ex •• mal diode to clamp inductive loed •. 
Tests h8118shown that the Forward Recol/8rv Voltage (Vf) of this diode is eomparobla to that of typical fast 
recovery rectifiers. 


(21 Pulse Test: Pulse Width· 
300 1'1, Duty Cyela •• 2%. 
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Pl,lI"~V 


Widt"'] 
[ 


Pul •• 
Width 
adjusted to 


obtain 
apeciti-el 
Ie 
(A_i,tiv. 


Switching, 


Pul •• 
Width 


•. 50 ~tl 


a, 
2N2907 
a2 
2N2222 
a3 
2N3762 
a. 
MJE210 
as 
MJE200 
a, 
lN914 
a2 
lN9'4 
03 
lN914 


~oll- 
10 mH Vcc" 
10 V 
ReOi!- 
0.7 n 
Vclemp" 
VCEOlluil 
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'"20V 
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475 or Equlv.lent 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads 
which 
are 
common 
to 
SWITCHMODE 
power 
supp,lies and hammer drivers, curr.ent and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine 
the total 
switching time. For this reason, the following new terms 
have been defined. 


tsv = Voltage Storage Time, 90% IB1 to 10% Vclamp 
try = Voltage Rise Time, 10-90% Vclamp 
Hi = Current Fall Time, 90-10% 
IC 
tti 
= Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 
An enlarged portion of the turn-off waveforms is shown in 
Figure 
7 to aid in the visual identity of these terms. 


SWITCHING 
TIMES 
NOTE (continued) 


For the designer, there 
is minimal switching loss during 
storage time and the predominant 
switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 
PSWT = 1/2 Vcclc(tcl 
f 


In general, trv + tfi 
<>< tc' 
However, at lower 
test currents this relationship may not be valid. 


As is common with most switching transistors, resistive 
switching is specified at 2!PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching 
speeds (tc and tsvl which are guaranteed 
at 
lOOoC. 
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WIRE LIMITED 
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LIMITED 
---- 
SECOND BREAKDOWN LIMITED 
CURVES APPLY BELOW RATED VCED 


TURN OFF LOAD LINE 
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I 
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TJ" 
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\\ 
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VCE, CDLLECTDR·EMITIER 
VOLTAGE (VOLTS) 


FORWARD 
BIAS 
There are two limitations on the power handling ability 
of a transistor: 
average junction temperature 
and second 
breakdown. 
Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; 
i.e., the transistor 
must not be subjected 
to 
greater dissipation than the curves indicate. 


The data of Figure 11 is based on TC = 250C; TJ(pk) 
is variable depending on power level. Second brealldown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;;.250C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature 
by using the appropriate curve on 
Figure 13. 
TJ(pk) may be calculated from the data in Figure 10. 
At high case temperatures, 
thermal limitations will reduce 
the power that can be handled 
to values less than the 
limitations imposed by second breakdown. 


REVERSE 
BIAS 
For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. 
Under 
these conditions 
the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. 
The safe 
level for these devices is specified as VCEX(sus) at a given 
collector current and represents a voltage-eurrent 
condi- 


tion that can be sustained during reverse biased turn-off. 
This ratillg is verified under clamped conditions 
SO that 
the device is never subjected to an avalanche mode. 
Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 
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Designers·Data 
Sheet 


SWITCHMODe& 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


The 
MJ10002 
and 
MJ10003 
darlington 
transistors 
are designed 
for 
high-voltage, 
high-speed, 
power 
switching 
in inductive 
circuits 
where 
fall 
time 
is critical. 
They 
are 
particularly 
suited 
for 
line 
operated 
switch-mode 
applications 
such as: 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid 
and Relay 
Drivers 


• 
Motor 
Controls 


• 
Deflection 
Circuits 


1OOOC Performance 
Specified 
for: 


Reversed 
Biased SOA with 
Inductive 
Loads 


Switching 
Times 
with 
Inductive 
Loads 
- 
140 ns Inductive 
Fall Time 
ITyp) 


Saturation 
Voltages 


Leakage 
Currents 


MAXIMUM 
RATINGS 


Rlting 
Symbol 
MJ10002 
MJ10003 
Unit 


Collector-Emitter 
Voltage 
VCEOlsusl 
350 
400 
Vdc 


Collector-Emitter 
Voltage 
VCEXlsusl 
400 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
450 
500 
Vdc 


Emitter 
Base Voltage 
VEB 
B 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
10 
Adc 


- 
Peak 111 
ICM 
20 


Base Current 
- 
Continuous 
IB 
2.5 
Adc 
- 
Peak III 
IBM 
5 


Total 
Power 
Dissipation 
@ T C - 25°C 
Po 
150 
Watts 
@TC= 
100°C 
100 


Derate 
above 
2SoC 
0.116 
W/oC 


Operating and Storage Junction 
T J.Tstg 
-65 to +200 
°c 
Temperature 
Range 
THERMAL 
CHARACTERISTICS 


Charlcteristic 
Symbol 
MI, 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
ROJC 
1.17 
°C/W 


Maximum 
Lead Temperature 
fe" Soldering 
TL 
275 
°c 
Purposes: 1/8" from Case for 5 Seconds 


(1) Pulse Test: Pulse Width 
= 5 ms, Duty Cycle <; 10%. 


MJI0002 
MJI0003 


10 AMPERE 


NPN SILICON 


POWER DARLINGTON 
TRANSISTORS 


The 
Designers· 
Data 
Sheet 
per· 


mits 
the 
design of 
most- circuits 
entirely 
from 
the 
information 
pre- 


sented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are given 
to facilitate 
"worst 
case" 


design. 


NOTES 


I. 
DIMENSIONS 
a AND v ARE 
DATUMS 
2. m IS SEATING 
PLANE 
AND 
DATUM 


3 
POSITIONAL 
TOLERANCE 
FOR 


MOUNTING 
HOLE a 
1+111310005119 
[rlvel 


fOR 
LEADS 


1 + 1 1 13 10.005119 r [veloel 


4. 
DIMENSIONS 
ANO 
TOLERANCES 
PER 
ANSIYI4.5,1913. 


ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C unless otherwi.e 
noted!. 
I 
Characteri.tie 
I Symbol 


OFF CHARACTERISTICS 
(2) 


COllector-Emitter 
Sustaining Voltage 
(Table 1 I 
VCEOI.u.) 
Vdc 
(lc 2 250 mA, IB - 0, Vclamp 
= Rated VCEO) 
MJ10002 
350 
- 
- 


MJ10003 
400 
- 
- 


Collector· Emitter Sustaining Voltage 
(Table 
1, Figure 121 
VCEXI.u.) 
Vdc 
(lc 21 A, Velamp = Rated VCEX, Tc 2 100°(:) 
MJ10002 
400 
- 
- 
MJ 10003 
450 
- 
- 
(lC· 
5 A. Velamp 
- Rated VCEX. TC = 100°C! 
MJ10002 
275 
- 
- 
MJ10003 
325 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 
IVCEV 
= Rated Value. VBEloff) 
= 1.5 Vdc) 
- 
- 
0.25 
IVCEV = Rated Value, VBEloff) 
= 1.5 Vdc, TC - 150°C) 
- 
- 
5 


Collector 
Cutoff 
Current 
ICER 
- 
- 
5 
mAde 
IVCE· 
Rated VCEV, 
RBE· 
50 n, TC - 100°C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
175 
mAde 
IVEB - B Vde, IC • 0) 


DC Current 
Gain 
hFE 
- 


(lC - 2.5 Ade, VCE - 5 Vde) 
40 
- 
500 
(lC - 
5 Adc, VCE = 5 Vdc! 
30 
- 
300 


COllector-Emitter Saturation 
Voltage 
VCEI.at) 
Vdc 
(lC - 5 Ade. IB = 250 mAde) 
- 
- 
1.9 


(lC = 10 Ade. IB - 1 Adc) 
- 
- 
2.9 
(lC - 5 Ade, IB - 250 mAde. TC = 100°C) 
- 
- 
2 


Base-Emitter 
Saturation 
Voltage 
VBEI.at) 
Vde 
(lC = 5 Ade. IB = 250 mAde) 
- 
- 
2.5 
(lc 2 5 Ade. IB = 250 mAde, TC = 100°C) 
- 
- 
2.5 


Diode Forward voltago 
\l 
Vf 
3 
5 
Vdc 
(IF =5.0 
Ade! 


Small-Signal 
Current 
Gain 
Ihf.1 
10 
- 
- 
- 


(lC - 1 Ade, VCE - 10 Vdc. ftest = 1 MHz) 


Output 
Capacitance 
Cob 
60 
275 
pF 
IVCB = 50 Vde, IE = 0, ftest - 100 kHz! 


Resistive Load (Table 
1) 


Delav Time 
td 
- 
0.05 
0.2 
,.. 
IVCC - 250 Vde, IC = 5 A. 
,se 
,me 
IBI 
= 250 mA. VBEloff) 
= 5 Vde. tp• 
50,.., 
tr 
0.25 
0.6 
,.. 


forage 
,me 
Duty Cycle •• 2.0%1. 
10 
1.2 
3.0 
,.. 


allT,me 
tf 
0.6 
1.5 
,.. 


Inductive 
Load, Clamped (Table 1) 


Storage Time 
(lC =5 Alpk!, 
Velamp = Rated VCEX, 
IBl 
= 250 mA, 
t•• 
- 
2.1 
5 
,.. 


Crossover Time 
VBEloff) 
·5 
Vde, TC - lOOoC) 
to 
1.3 
3.3 
,.. 


Storage Time 
(lC -5 
Alpkl. 
Vel amp - Rated VCEX, 
IBI 
- 250 mA. 
t•• 
- 
0.92 
- 
,.. 


rOlSOV8r Time 
VBEloff) 
·5 
Vde, TC • 250Cl 
to 
0.5 
- 
,.. 


U ) 
The internel 
Collector-to--Emitter 
diode can eliminate 
the need for an external 
diode to clamp inductive loads. 
Tests have shown that the Forward 
Recovery Voltage 
(Vf) 
of this diode is comparable 
to that of typical 
fe.t 
recovery rectifiers. 


(2) 
Pul.e Te.t: 
Pul.a Width· 
300 ,.•• Duty Cycle •• 2%. 
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IC. COLLECTOR CURRENT (AMP) 


~ 
2.4 


~ 
~ 
~<n 
w •... 
~~ 
2 ~ 1.6 
"!w 
~'" 
0" 
~ 
~1.2 
j> 
8 
ii 
O.S 
~ 
> 


IC/I~ - 10 


/ 
,/ 


TJ:-SSO~ 
/' 


25°6 
..•.•.••.,// 
-r 
./ ./ 
4 
I 


o 
+0.2 
+0.4 
+0.6 


VSE. SASE·EMITTER 
VOLTAGE IVOLTS) 


FIGURE 
2 - 
COLLECTOR 
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IC. COLLECTOR CURRENT IA~P) 
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VR. REVERSE VOLTAGE (VOLTS) 


Pul. n:' v 
Width] 
[ 


PuIs. 
Width 


~juned 
to 


obU!in 
specified 
Ie 
(Resiniv. 


Switching, 


Pullc 
Width 


•• SO .ul) 


3* 
LCOIl-l0mHVcc·'OV 


U 
..J 
Rcoit 
•• 0.7 n 


~ ~ 
Vclcmp •• VCEO(,u.) 


A' 
2"'2907 
02 
2,.,,2222 


03 
21'113762 


A. 
MJE210 


as 
MJE200 


01 
1N914 


02 
1N914 
03 
lN9U 


Lcoil" 
180 j.lH 
Reoil" 
0.05 n 
Vclamp 
I: Rated VCEX 
Value 
Vec 
•. 20V 


VCC" 250 v 
RL •. 50 n 


Puis. 
Width" 
50,u1 


tl Unclemped 
- 
t2 
<' 
t 1 •• LCO~~~CPkl 


In resistive 
switching 
circuits, 
rise, fall, and 
storage 
times 
have 
been 
defined 
and 
apply 
to both 
current 
and 
voltage 
waveforms 
since 
they 
are in phase. 
However, 
for inductive 
loads 
which 
are 
common 
to 
SWITCHMODE 
power 
supplies 
and 
hammer 
drivers, 
current 
and 
voltage 
wave· 


forms 
are not 
in phase. 
Therefore, 
separate 
measurements 
must 
be 
made 
on each 
waveform 
to determine 
the 
total 
switching 
time. 
For 
this 
reason, 
the 
following 
new 
terms 
have been 
defined. 


tsv = Voltage 
Storage 
Time, 
90% IB1 to 10% Vclamp 
trv = Voltage 
Rise Time, 
10-90% 
Vclamp 


tfi = Current 
Fall Time, 
90-10% 
IC 
tti 
= Current 
Tail, 
10-2% 
IC 
tc 
= Crossover 
Time, 
10% Vclamp 
to 10% IC 
An enlarged 
portion 
of the turn·off 
waveforms 
is shown 
in 
Figure 
7 
to 
aid 
in the 
visual 
identity 
of 
these 
terms. 


For the designer, there 
is minimal switching loss during 
storage time and the predominant 
switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 


PSWT = 1/2 Vcclc(tcl 
f 


In general, trv + tfi "" tc' 
However, at lower 
test currents this relationship may not be valid. 


As is common with most switching transistors, resistive 
switching is specified at 25"C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching 
speeds (tc and tsv) which are guaranteed 
at 
lOOoC. 
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IC. COLLECTOR 
CURRENT 
(AMP) 
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TURN OFF LOAO LINE 
I 
BOUNOARY FOR MJ10003 
THE LOCUS FOR MJ10002 
IS 50 V LESS, 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOL TSI 


FORWARD 
BIAS 


There 
are two 
limitations 
on the power 
handling 
ability 
of 
a transistor: 
junction 
temperature 
and 
second 
break- 
down, 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 
Iimits of the 
transistor 
that 
must 
be observed 
for rei iable 
operation; 
i.e., 
the 
transistor 
must 
not 
be subjected 
to 
greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of Figure 
11 is based 
on TC = 250C; 
TJ(pk) 
is variable 
depending 
on power 
level. Second 
breakdown 
pulse 
limits 
are valid for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ;;;. 250C. 
Second 
breakdown 
limitations 
do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 
current 
at the 
voltages 
shown 
on Figure 
11 may be found 
at any 
case temperature 
by using the appropriate 
curve 
on 
Figure 
13. 
TJ(pk) 
may 
be calculated 
from 
the data 
in Figure 
10. 


At high case temperatures, 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 


For 
inductive 
loads, 
high voltage 
and high current 
must 
be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 
biased, 
Under 


these 
conditions 
the 
collector 
voltage 
must 
be held to a 
safe level at or below 
a specific 
value of collector 
current. 


This 
can be accomplished 
by several 
means 
such as active 
clamping, 
RC snubbing, 
load 
line shaping, 
etc. 
The 
safe 


level for these 
devices 
is specified 
as VCEX (sus) at a given 
collector 
current 
and 
represents 
a voltage-eurrent 
condi- 


tion 
that 
can be sustained 
during 
reverse 
biased 
turn-off. 


This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the 
device 
is never 
subjected 
to an avalanche 
mode. 
Fig- 


ure 
12 gives the 
complete 
reverse 
bias safe operating 
area 
characteristics. 
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DesignPl's Data Sheet 


SWITCHMODE 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 
WITH 
BASE-EMITTER 
SPEEDUP 
DIODE 


The 
MJ10004 
and 
MJ10005 
darlington 
transistors 
are designed 
for 
high-voltage, 
high-speed, 
power 
switching 
in inductive 
circuits 
where 
fall time 
is critical_ 
They 
are particularly 
suited 
for line oper- 


ated 
switchmode 
applications 
such as: 


• 
Switching 
Regulators 
• 
Inverters 
• 
Solenoid 
and Relay 
Drivers 


• 
Motor 
Controls 
• 
Deflection 
Circuits 
Fast Turn-Off 
Times 
40 ns Inductive 
Fall Time 
- 250C 
(Typ) 
650 
ns Inductive 
Storage 
Time 
- 250C 
(Typ) 


Operating 
Temperature 
Range 
-65 
to +2000C 


lOOoC Performance 
Specified 
for: 


Reversed 
Biased SOA with 
Inductive 
Loads 
Switching 
Times with 
Inductive 
Loads 


Saturation 
Voltages 
Leakage 
Currents 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MJ 10004 
MJ10005 
Unit 


Collector-Emitter 
Voltage 
VCEOl,u,1 
350 
400 
Vdc 


COllector-Emitter 
Voltage 
VCEXl,u,1 
400 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
450 
500 
Vdc 


Emitter 
BaseVoltage 
VEB 
B 
Vdc 


Collector Current - Continuous 
IC 
20 
Adc 


- 
Peak 11) 
ICM 
30 


Base Current 
- 
Continuous 
IB 
2.5 
Adc 
- 
Peak 11) 
IBM 
5 


Total 
Power 
Dissipation 
@ T C :: 2SoC 
Po 
175 
Watts 
@TC = 100°C 
100 


Derate 
above 
25°C 
1 
W/oC 


Operating 
and Storage 
Junction 
T J,Tstg 
-65 to +200 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Ch.rlct.riltic 
Symbol 
M.x 
Unit 


Thermal 
Resista"c!, 
Junction 
to Case 
R8JC 
1 
°C/W 


Maximum 
Lead Temperature for Soldering 
TL 
275 
°c 
Purposes: 
l/S" 
from 
Case for 5 Seconds 


(1) Pulse Test: 
Pulse Width:: 
5 ms, Duty 
Cycle <: 10% 


MJI0004 
MJI0005 


20 AMPERE 


NPN SILICON 


POWER DARLINGTON 
TRANSISTORS 


Designer's 
Data for 
"Worst 
Case" 
Conditions 


The 
Designers 
Data 
Sheet 
per- 
mits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
pre- 


sented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are given to facilitate "worst case" 
design. 


LI~-f 
l.~ 


NOTES 


I. O,MEN$ION$ 
Q AND v ARE OArUMS 


2. IT] IS SEATING 
PLANE 
AND 
DATUM. 


3. POsmONAL 
TOLERANCE 
fOA 
MOUNTINGHDl[ 
Q- 


1·II"IO""'0I,lv01 
FOR lEADS; 
I • 11"10.""'0' Iv01 001 


4. 
DIMENSIONS 
AND 
TOLERANCES 
PER 


ANSI Y14.S. 191J. 


MilLIMETERS 
DIM 
MIN 
MAX 
A 
39.31 


• 
21.D1 
6.35 
1.62 
0.91 
1.09 
J' 
301585C 
10.92BSC 
5.46BSC 
IS.I9BSt 
11.1112.19 
3.11 
4.19 


.67 
4.13 
5.33 


:tIl 
4.19 


ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C unless otherwise notedl. 
I 
C'-_istic 
I 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter 
Sustaining Voltage 
(Table 
1) 
VCEO(su.1 
Vde 


IIc 
= 250 mA. IB = O. Velarnp = Rated V.cEOI 
MJl0004 
350 
- 
- 
MJl0005 
400 
- 
- 


Collector-Emitter 
Sustaining Voltage 
CTabee 
1, Figure 12) 
VCEXI.u.1 
Vde 


IIc 
= 2 A. Vclamp 
= Rated VCEX. TC = 100°C) 
MJ10004 
400 
- 
- 


MJ10005 
450 
- 
- 
IIc 
= 10 A. Vclamp 
= Rated VCEX. TC -100°C) 
MJ10004 
215 
- 
- 
MJ10005 
325 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 


IVCEV 
= Rated Value. VBElofll 
= 1.5 Vdcl 
- 
- 
0.25 
IVCEV 
= Rated Value. VBEloff) 
= 1.5 Vdc. TC = 1500CI 
- 
- 
5 


Collector 
Cutoff 
Current 
ICER 
- 
" 
mAde 


tVCE 
= Rated VCEV. RBE = 50 n. TC = 1000CI 


Emitter 
Cutoff 
Current 
lEBO 
115 
mAde 
(VEB = 2 Vdc. IC = 01 


DC Current 
Gain 
hFE 
- 
IIc 
= 5 Ade. VCE = 5 Vdcl 
50 
- 
600 
IIc 
= 10 Adc. VCE = 5 Vdel 
40 
- 
400 


Collector-Emitter 
Saturation 
Vohage 
VCElsatl 
Vdc 
"c 
= 10 Ade. IB = 400 mAdcl 
- 
- 
1.9 
"c 
= 20 Ade. IB = 2 Adcl 
- 
- 
3 
IIc 
= 10 Adc.IB 
= 400 mAde. TC -loooCI 
- 
- 
2 


Base-Emitter 
Saturation 
Voltage 
VBElsatl 
Vdc 
IIc 
= 10 Ade. IB = 400 mAdel 
- 
- 
2.5 
IIc 
= 10 Ade.IB 
= 400 mAde. TC = 100°C) 
- 
- 
2.5 


Diode Forward 
Voltage 
(1) 
Vf 
- 
3 
5 
Vde 
IIF 
= 10 Adel 


Small-Signal 
Current 
Gain 
Ihfel 
10 
- 


IIc 
E 1 Adc. VCE = 10 Vdc. f1e•• = 1 MHz) 


Output 
Capacitance 
Cob 
100 
325 
pF 
IVCB = 10 Vdc. IE = O. 'tost = 100 kHzl 


Resistive Load (Table 
U 


Delay Time 
'd 
- 
0.12 
0.2 
.., 


Rise Time 
IVCC = 250 Vdc. IC = 10 A. 


0.2 
0.6 
IBI 
= 400 mA. VBEloff) 
= 5 Vdc. tp' 
50 •••• 
'r 
••• 
Storage time 
Duty Cycle': 
2"1. 
t. 
0.6 
1.5 
••• 
Fall Time 
tf 
- 
0.15 
0.5 
••• 
Inductive 
Load. Clamped ITable 1I 


Storage Time 
IIC = 10 Alpkl. 
Vclamp = Rated VCEX. 
IB1 - 400 mA. 
t.v 
- 
1.0 
2.5 
••• 
Crossover Time 
VBEloff) 
= 5 Vdc. TC • 100°C) 
Ie 
0.4 
1.5 
••• 
Storage Time 
IIC = 10 A(pkl. 
Velamp - Rated VCEX. IBI 
- 400 mA. 
t.v 
- 
0.65 
- 
••• 
Crossover Time 
VBEloff) 
- 5 Vdc. TC - 25°C 1 
Ie 
0.2 
- 
••• 


(1) The internal 
Collector-Io-Emitter 
diode can eliminate 
the need for an e)Cternal diode to clamp inductive loads. 
Tests have shown that the Forward 
Recovery Voltage 
(Vf) of this diode is comp8(able 
to thet of tYpical fist 
recovery rectifiers. 
(21 Pulse Test: 
PW = 300 •••• Duty Cycle •• 2%. 
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In resistive switching circuits, rise, fall, and storage times 
have been 
defined 
and 
apply 
to both 
current 
and 
voltage 
waveforms 
since 
they 
are in phase. 
However. 
for inductive 
loads 
which 
are 
common 
to 
SWITCHMODE 
power 
suppl ies and 
hammer 
drivers, 
current 
and 
voltage 
wave· 


forms 
are not 
in phase. 
Therefore, 
separate 
measurements 
must 
be 
made 
on each 
waveform 
to determine 
the 
total 
switching 
time. 
For 
this 
reason, 
the 
following 
new 
terms 
have 
been 
defined. 


tsv = Voltage 
Storage 
Time, .90% '81 
to 10% Vclamp 
trv = Voltage 
Rise Time, 
10-90% 
Vclamp 
tfi 
= Current 
Fall Time, 
90-10% 
IC 
tti 
= Current 
Tail, 
10-2% 
IC 
tc 
= Crossover 
Time, 
10% Vclamp 
to 10% IC 
An enlarged 
portion 
of the turn·off 
waveforms 
is shown 
in 
Figure 
7 
to 
aid 
in 
the 
visual 
identity 
of 
these 
terms. 


For the designer, there 
is minimal switching loss during 
storage time and the predominant 
switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN·222: 
• 
PSWT = 1/2 Vcclc(td 
f 


In general, trv + tfi "" tc' 
However, at lower 
test currents this relatiol')ship may not be valid. 


As is common with most switching transistors, resistive 
switching is specified at 2!PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching 
speeds (tc and tsvl which 'are guaranteed 
at 
lOCoC. 
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FIGURE 
11 - 
FORWARD 
BIAS SAFE OPERATING 
AREA 
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VCE. COLLECTOR·EMITIER 
VOLTAGE (VOLTS) 


FORWARD 
BIAS 
There 
are two 
limitations 
on the power 
handling 
ability 
of a transistor: average junction temperature 
and second 
breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 
limits 
of ihe transistor 
that 
must 
be observed 
for reliable 
operation; 
i.e .. the 
transistor 
must 
not 
be subjected 
to 
greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of Figure 
11 is based 
on TC 
= 250C; 
TJ(pkl 
is variable 
depending 
on power 
level. Second 
breakdown 
pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ;;. 250C. 
Second 
breakdown 
Iimitations 
00 not 
derate 
the 
same 
as thermal' 
limitations. 
Allowable 
current 
at the voltages 
shown 
on Figure 
11 may be found 
at any 
case temperature 
by using the appropriate 
curve 
on 
Figure 
13. 
TJ!pkl 
may 
be calculated 
from 
the data 
in Figure 
10. 
At high case temperatures. 
thermal 
limitations 
will reduce 
the 
cower 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 
For 
inductive 
loads, 
high voltage 
and high current 
must 


be sustained 
simultaneously 
during 
turn·off. 
in most 
cases. 
with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 
Under 
these 
conditions 
the 
collector 
voltage 
must 
be held 
to a 
safe level at or below 
a specific 
value of collector 
current. 
This can be accomplished 
by several 
means 
such as active 
clamping, 
RC snubbing. 
load 
line shaping. 
etc. 
The 
safe 


level for these 
devices 
is specified 
as VCEX (sus) at a given 
collector 
current 
and 
represents 
a voltage·current 
condi· 
tion 
that 
can be sustained 
during 
reverse 
biased 
turn·off. 


This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the 
device 
is never 
subjected 
to an avalanche 
mode. 
Fig- 


ure 
12 gives the 
complete 
reverse 
bias safe operating 
area 
characteristics. 
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Designers 
Data Sheet 


SWITCHMODE 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 
WITH 
BASE-EMITTER 
SPEEDUP 
DIODE 


The 
MJ10006 
and 
MJ10007 
darlington 
transistors 
are designed 
for 
high-voltage. 
high-speed. 
power 
switching 
in inductive 
circuits 
where 
fall time 
is critical. 
They 
are particularly 
suited 
for line oper- 


ated 
switchmode 
applications 
such as: 


• 
Switching 
Regulators 


• 
Inverters 


• 
Solenoid 
and Relay Drivers 


• 
Motor 
Controls 


• 
Deflection 
Circuits 


Fast Turn-Off 
Times 
30 ns Inductive 
Fall Time 
- 25°C 
(Typ) 
500 ns Inductive 
Storage 
Time 
- 25°C 
(Typ) 
) 
Operating 
Temperature 
Range 
-65 
to +2000C 


100°C 
Performance 
Specified 
for: 
Reversed 
Biased SOA with 
Inductive 
Loads 
Switching 
Times with 
Inductive 
Loads 
Saturation 
Voltages 
Leakage 
Currents 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MJlOO06 
MJ10007 
Unit 


Collector-Emitter 
Voltage 
VCEOlsus) 
350 
400 
Vdc 


COllector-Emitter 
Voltage 
VCEXlsus) 
400 
450 
Vdc 


COllector-Emitter 
Voltage 
VCEV 
450 
500 
Vdc 


Emitter 
Base Voltage 
VEa 
a 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
10 
Adc 


- 
Peak III 
ICM 
20 


Base Current 
- 
Continuous 
la 
2.5 
Adc 


- 
Peak (1) 
laM 
5 


Total Power Dissipation 
@ T C :: 25°C 
Po 
150 
Watts 
@lTC = 100°C 
100 


Derate 
above 
25°C 
\ 
0.86 
W/oC 


Operating and Storage Junction 
TJ.T"g 
-65 to +200 
DC 


Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
R6JC 
1.17 
°C/W 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°c 
PurpOses: 
l/S" 
from 
Case for 5 Seconds 


(1) 
Pul •• 
T.t: 
Pull. 
Width 
- 
5 ml, 
Duty 
Cycle 
CO;10%. 


, 


M)10006 
M)10007 


NPN SILICON 


POWER DARLINGTON 
TRANSISTORS 


The 
Designers 
Data 
Sheet 
per- 


mits 
the 
design 
of 
most 
circuits 


entirely 
from 
the 
information 
pre- 


sented. 
Limit 
data 
- 
representing 


device 
characteristics 
boundaries 
- 


are 
given 
to 
facilitate 
"worst 
case" 


design. 


NOTES 


1 
DIMENSIONS 
0 AND 
V AilE 
DATUMS 


2 m ISSEATtNG 
PLANE 
ANQ 
DATUM 
3 
POSITIONAL 
TOLERANCE 
FOR 


MOutHING 
HOLE 
Q 


1.1'13"""01,IV01 
fOA lEADS 
1.1'13""'10' 
1v01 001 


.• 
DIMENSIONS 
AND 
TOLERANCES 
PER 


ANSI 
't'145. 
1973 


MilLIMETERS 


DIM 
MIN 
MAX 


A 
3931 


• 
21.01 


C 
6.35 
1.62 


o 
0.97 
1.09 
. 
" 
F 
30.158SC 


Ci 
10.928SC 


H 
H68SC 


J 
16.898St 


K 
11.1812.19 


Q 
81 
4.19 
R 
2.61 


U 
U3 
5.330.190 


V 
3.11 
4.19 
0.15.0 


CASE 1-05 TO-3 


ELECTRICAL 
CHARACTERISTICS 
ITC ~ 25°C unle•• otherwise noted I. 


I 
Ch•• __ 
iltic 
I 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter 
Sustaining Voltage 
(Table 1) 
VCEOI,u,1 
Vdc 


IIc • 250 mA. IS • O. Vclamp • Rated VCEOI 
MJ10006 
350 
- 
- 


MJ10007 
400 
- 
- 


Collector· Emitter 
Sustaining Voltage 
(Table 1, Figure 121 
VCEXI,u,) 
Vdc 


IIC'1 
A. Vclamp' 
Rated VCEX' TC' 
100°C) 
MJ10006 
400 
- 
- 
MJ10007 
450 
- 
- 


IIC' 
5 A. Vclamp = Rated VCEX. TC' 
l000CI 
MJ10006 
275 
- 
- 


MJ10007 
325 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 


IVCEV - Rated Value. VSElofll 
= 1.5 Vdc) 
- 
- 
0.25 


IVCEV = Rated Value. VSEloff) 
= 1.5 Vdc. TC' 
1500CI 
- 
- 
5 


Collector 
Cutoff 
Current 
ICER 
- 
- 
5 
mAde 


(VCE = Rated VCEV. RSE = 50 n. TC' 
1000CI 


Emitter 
Cutoff 
Current 
IESO 
- 
- 
175 
mAde 


NES 
• 2 Vdc. IC' 
01 


DC Current 
Gain 
hFE 
- 


IIC • 2.5 Adc. VCE = 5 Vdel 
40 
- 
500 


IIc 
= 5 Ade. VCE • 5 Vdel 
30 
- 
300 


Collector· 
EmItter 
Saturation 
Voltage 
VCEI,atl 
Vde 


IIc = 5 Ade. Is = 250 mAdcl 
- 
- 
1.9 


IIc 
= 10 Ade. IS = 1 Adcl 
- 
- 
2.9 
IIc 
= 5 Ade. IS • 250 mAde. TC = 100°C) 
- 
- 
2 


Base-Emitter 
Saturation 
Voltage 
VSEtsat) 
Vde 


IIc 
= 5 Adc. IS = 250 mAdcl 
- 
- 
2.5 
IIc 
= 5 Ade.ls 
= 250mAdc. 
TC' 
1000CI 
- 
- 
2.5 


DIode Forward 
Voltage (1) 
Vf 
- 
3 
5 
Vde 
IIF '5Adcl 


Smail-Signal Current Gain 
I hfe' 
10 
- 
- 
- 


(Ie:::: 
1 Adc. 
VCE 
"" 10 Vdc. 
ftest 
::::1 MHz) 


Output 
Capacitance 
Cob 
60 
- 
275 
pF 


(VCS = 10 Vde.IE 
= O. ftest' 
100 kHzl 


Resis1lve Load (Table 
11 


Delay Time 
td 
- 
0.05 
0.2 
~I 


Rise 
Time 


(VCC = 250 Vde. IC = 5 A. 


'r 
- 
0.25 
0.6 
~s 
ISI 
= 250 mA. VSEloffl 
- 5 Vde. tp' 
50 ~I. 


Storage Time 
Duty Cycle ~ 2.0%1. 
t, 
- 
0.5 
1.5 
~I 


Fall 
Time 
If 
- 
0.06 
0.5 
~I 


Inductive 
Load, 
Clamped 
ITable 
11 


Storage Time 
IIC =5 Alpkl. 
Velamp -RatedVCEx,ISl 
=250mA. 
tlV 
- 
0.8 
2.0 
~I 


Crossover 
Time 
VSElofll 
= 5 Vde. TC = 1000CI 
Ie 
- 
0.6 
1.5 
~I 


Storage Time 
IIC =5 Alpkl. 
Velamp - Rated VCEX. 1St' 
250 mA. 
t,. 
- 
0.5 
- 
~I 


Crossover Time 
VSEloffl 
• 5 Vde. TC - 25°C 1 
Ie 
- 
0.3 
- 
~I 


(11 
Th. 
int.rnal 
Collector-ta-Emitter 
diode can eliminate 
the need for an ,xt,rnal 
diode to clamp inductive loads. 


Tests have shown that the Forward 
Recovery Voltage 
(Vf) 
of this diode is comparabl, 
to that of typical 
fast recovery rectifiers. 


121 
PulseTest: 
PW - 300 ~I. Duty Cycle <; 2%. 
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Pul,. 
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In re.i.tive 
.witching 
circuits, 
ri.e, 
fall, and 
.torage 
time. 
have 
been 
defined 
and 
apply 
to both 
current 
and voltage 
waveforms 
.ince 
they 
are in pha.e. 
However, 
for inductive 
load. 
which 
are 
common 
to 
SWITCHMODE 
power 
.uppl ie. 
and 
hammer 
driver>, 
current 
and 
voltage 
wave· 


form. 
are not 
in phase. 
Therefore, 
separate 
measurements 
must 
be 
made 
on 
each 
waveform 
to determine 
the 
total 


switching 
time. 
For 
this 
reason, 
the 
following 
new 
terms 
have 
been 
defined. 


tsv = Voltage 
Storage 
Time, 
90% IBI to 10% VClainp 
trv = Voltage 
Rise Time, 
10-90% 
Vclamp 
tfi = Current 
Fall Time, 
90-10% 
IC 
tti 
= Current 
Tail, 10-2% 
IC 
tc 
= Crossover 
Time, 
10% Vclamp 
to 10% IC 
An enlarged 
portion 
of the turn-off 
waveforms 
is shown 
in 
Figure 
7 
to 
aid 
in 
the 
visual 
identity 
of 
these 
terms. 


For 
the 
designer, 
there 
is minimal 
switching 
loss 
during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses 
occur 
during 
the 
crossover 
interval 
and 
can 
be 
obtained 
using 
the 
standard 
equation 
from 
AN-222: 
PSWT 
= 1/2 
Vcclc(tcl 
f 


In general, 
trv + tfi 
"" tc' 
However, 
at 
lower 
test 
currents 
this 
relationship 
may 
not 
be valid. 
As is common 
with most switching 
transistors, 
resistive 
switching 
is specified 
at 2!PC 
and 
has become 
a benchmark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter circuits, the user oriented specifications which 
maKe 
this 
a "SWITCHMODE" 
transistor 
are the 
inductive 
switching 
speeds 
(tc 
and 
tsv) 
which 
are 
guaranteed 
at 
1000C. 
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There 
are two limitations 
on the power 
handling 
ability 
of a transistor: average junction temperature and second 
breakdown. 
Safe 
operating 
area 
curves 
indicate 
'C-VCE 
limits 
of the transistor 
that 
must 
be observed 
for reliable 
operation; 
i.e., 
the transistor must not be subjected to 
greater dissipation 
thllln the curves indicate . 


The data 
of Figure 
11 is based 
on TC 
= 250C; 
TJ(pk) 
is variable 
depending 
on power 
level. Second 
breakdown 
pulse 
limits 
are valid for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ;;. 250C. 
Second 
breakdown 
limitations 


do not derate the same as thermal limitations. 
Allowable 
current 
at t.he voltages 
shown 
on Figure 
11 may be found 


at any 
case temperature 
by using 
the appropriate 
curve 
on 
Figure 
13. 


TJ(pkl 
may 
be calculated 
from 
the data 
in Figure 
10. 


At high case temperatures. 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 


For inductive 
loads. 
high voltage 
and high current 
must 
be sustained 
simultaneously 
during 
turn-off, 
in most cases, 


with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 
Under 
these 
conditions 
the 
collector 
voltage 
must 
be held to a 
safe level at or below 
a specific 
value of collector 
current. 


This can be accomplished 
by several 
means 
such as active 
clamping, 
RC snubbing, 
load 
line shaping, 
etc. 
The 
safe 


level for these 
devices 
is specified 
as VCEX (sus) at a given 
collector 
current 
and 
represents 
a voltage-current 
condi- 


tion 
that 
can be sustained 
during 
reverse 
biased 
turn-off. 


This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the 
device 
is never 
subjected 
to an avalanche 
mode. 
Fig- 


ure 
12 gives the 
complete 
reverse 
bias safe operating 
area 
characteristics. 
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SWITCHMODEA 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 
WITH 
BASE-EMITTER 
SPEEDUP 
DIODE 


The 
MJloo08 
and 
MJ10009 
Darlington 
transistors 
are designed 
for 
high'voltage, 
high'speed, 
power 
switching 
in inductive 
circuits 
where 
fall time 
is critical. 
They 
are particularly 
suited 
for line oper· 
ated 
switchmode 
applications 
such as: 


• 
Switching 
Regulators 


• 
Inverters 
• 
Solenoid 
and Relay 
Drivers 


• 
Motor 
Controls 
• 
Deflection 
Circuits 
Fast Turn·Off 
Times 
~100 
1.6!J.s (max) 
Inductive 
Crossover 
Time 
- 
10 A, 1000C 
3.5!J.s 
(max) 
Inductive 
Storage 
Time 
- 
10 A, 1OpoC 


Operating 
Temperature 
Range -65 
to +2000C 


100°C 
Performance 
Specified 
for: 


Reversed 
Biased SOA with 
Inductive 
Loads 
Switching 
Times with 
Inductive 
Loads 
Saturation 
Voltages 


Leakage 
Currents 


MAXIMUM 
RATINGS 


Rating 
SVmbol 
MJ10008 
MJloo09 
Unit 


Collector-Emitter Voltage. 
VCEO(sus) 
450 
500 
Vdc 


Collector-Emitter 
Voltage 
VCEX(sus) 
450 
500 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
650 
700 
Vdc 


Emitter 
Base Voltage 
VEe 
e 
Vdc 


Collector Current 
Continuous 
IC 
20 
Adc 


- Peak (1) 
ICM 
30 


Base Current 
- 
Continuous 
Ie 
2.5 
Adc 


- Peak 11) 
IRM 
5 


Total 
Power 
Dissipation 
@ T C ""2SoC 
PD 
175 
Watts 


@ TC = 100°C 
100 
Derate 
above 
2SoC 
1 
W/oC 


Operating and Storage Junction 
TJ.Tstg 
-65 to +200 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
MI, 
Unit 


Thermal Resistal'ce. 
Junction 
to Case 
R8JC 
1 
°C/W 


Maximum 
Lead Temperature for Soldering 
TL 
275 
°c 
Purposes: 1/8" 
from Case for 5 Seconds 


(1) Pulse Test: 
Pulse Width· 
5 ms, Duty Cycle •• 10%. 


IJI0008 
IJI0009 


20 AMPERE 


NPN SILICON 


POWER DARLINGTON 
TRANSISTORS 


Designer's 
Data 'Of 
"Worst 
Case" 
Conditions 


The 
DesignersA 
Data 
Sheet 
per- 


mits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
pre- 


sented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are given 
to facilitate 
"worst 
case" 
design. 


LI@-f 
l.~ 


NOTES 


1. DIMENSIONS 0 AND IIARE DATUMS 


2. [!J IS SEATING 
PLANE 
AND DATUM 


3. POSITIONAL 
TOLERANCE 
FOR 


MOUNTING 
HOLE a 


1.lllllO""0I,IV01 


fOR 
lEAOS 
I .lllllO""0' 
Iv01001 


4. 
DIMENSIONS 
AND 
TOLERANCES 
PER 


ANSI 
Y14,S. 
1913. 


ELECTRICAL 
CHARACTERISTICS 
ITC: 
25°C unless otherwise notedl. 


I 
Chl.lcteri.tic 
I 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter 
Sustaining Voltage 
(Table 1) 
VCEOlsus) 
Vdc 


(lC ·100 
mA, Ie· 
0, Vcl1mp ··Rlted 
VCEO) 
MJ1000B 
450· 
- 
- 
MJ10009 
500 
- 
- 


Collector-Emitter 
Sustaining Voltage 
(Table 1. Figure 121 
VCEXlsus) 
Vdc 


(lC z 2 A, Vcl1mp = Rated VCEX, TC = 100°C. 
MJ10008 
450 
- 
- 


VeE(off) 
·5 
V) 
MJ10009 
500 
- 
- 
(lC -10 
A, Vclamp - Rated VCEX, TC -100°C. 
MJ1000B 
325 
- 
- 
VaE(off) 
- 5 V) 
MJ10009 
375 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 


IVCEV 
= Rated Value. VaEloffl 
• 1.5 Vdcl 
- 
- 
0.25 


(VCEV • Rated Value. VaEloffl 
= 1.5 Vdc. TC' 
1500CI 
- 
- 
5 


Collector 
Cutoff 
Current 
ICER 
- 
- 
5 
mAde 


(VCE = Rated VCEV, RaE: 
50 n. TC = 100°C) 


Emitter Cutoff Current 
lEaD 
- 
- 
175 
mAde 


(YEa - 2 Vdc, IC = 0) 


DC Current 
Gain 
hFE 
- 


(lC = 5 Ade. VCE = 5 Vde! 
40 
- 
400 


(lC • 10 Ade. VCE = 5 Vde! 
30 
- 
300 


Collector· Emitter Saturation 
Voltage 
VCElsati 
Vde 


IIC = 10 Ade. la = 500 mAde! 
- 
- 
2 
(lc : 20 Ade. la = 2 Ade) 
- 
- 
3.5 
(lc' 
10 Ade. la = 500 mAde, TC· 
100°C) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VaElsatl 
Vde 


(lC = 10 Ade, la = 500 mAde) 
- 
- 
2.5 
(Ie' 
10 Ade,la: 
500 mAde. TC' 
100°C) 
- 
- 
2.5 


Diode Forward Voltage (1) 
Vf 
- 
3 
5 
Vde 
(IF = 10 Adcl 


Small-Signal 
Current 
Gain 
I hfe I 
8 
- 
- 
- 


(lC = 1 Ade. VCE • 10 Vde, ftest: 
1 MHzl 


Output 
Capacitance 
Cob 
100 
- 
325 
pF 


IVca' 
10,Vde. IE: 
O. ftest: 
100 kHz! 


Resistive Load (Table 
1) 


Delay Time 


IVCC: 
250 Vde. IC: 
10 A. 
'<:t 
- 
0.12 
0.25 
"s 


Rise Time 
le1 - 500 mA, VeE(ofl) 
= 5 Vde, tp - 25 ". 
t. 
- 
0.5 
1.5 
"s 
Storage Time 
Duty Cycle" 
2%l. 
ts 
- 
o.e 
2.0 
"s 
Fall Time 
tf 
- 
0.2 
0.6 
"s 
Inductive 
Load, Clamped 
(Table 11 


Storage Time 
(lC' 
10 Alpkl. 
Velamp 
: 250 V, lel 
·500 
mA, 
tsv 
- 
1.5 
3.5 
"s 


Crossover 
Time 
VaEloffl 
: 5 Vde. TC = 100°C) 
te 
- 
0.36 
1.6 
"s 


Storage Time 
(lC = 10 Alpkl, 
Vclamp 
·250 
V, le1 ·500 
mA, 
tsv 
- 
0.8 
- 
"s 
Crossover Time 
VaE(off) 
• 5 Vdel 
te 
- 
0.18 
- 
~s 


(1) The internal 
Collector-to-Emitter 
diode can eliminate 
the need for an external 
diode to clamp inductive loads. 


Tests have shown that the Forward 
Recovery Voltage 
(V fl of this diode is comparable 
to that of typical fast 
recovery rectifiers. 


(2) Pulse Test: 
PW = 300 "s. DutY Cycle" 
2%. 
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In resistive 
switching 
circuits, 
rise, fall, and 
storage 
times 
have 
been 
defined 
and 
apply 
to both 
current 
and 
voltage 
waveforms 
since 
they 
are in phase. 
However, 
for inductive 
loads 
which 
are 
common 
to 
SWITCHMODE 
power 
supplies 
and 
hammer 
drivers, 
current 
and 
voltage 
wave· 
forms 
are not 
in phase. 
Therefore, 
separate 
measurements 
must 
be 
made 
on 
each 
waveform 
to determine 
the 
total 
switching 
time. 
For 
this 
reason, 
the 
following 
new 
terms 
have 
been 
defined. 
tsv = Voltage 
Storage 
Time, 
90% 
IS1 to 10% Vclamp 
trY = Voltage 
Rise Time, 
10-90% 
Vclamp 
tfi = Current 
Fall Time, 
90-10% 
IC 
tti 
= Current 
Tail, 
10-2% 
IC 
tc 
= Crossover 
Time, 
10% Vclamp 
to 10% IC 


For 
the 
designer, 
there 
is minimal 
switching 
loss 
during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses 


occur 
during 
the 
crossover 
interval 
and 
can 
be obtained 
using the standard 
equation 
from 
AN·222: 


PSWT = 1/2 VCCIC(tc! 
f 
Typical 
inductive 
switching 
waveforms 
are 
shown 
in 
Figure 
7. 
In general, 
trv 
+ tfi '" tc' 
However, 
at lower 
test 
currents 
this 
relationship 
may not 
be valid. 


As is common 
with 
most 
switching 
transistors, 
resistive 


switching 
is specified 
at 
TC 
= 250C 
and 
has 
become 
a 
benchmark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter 
circuits, 
the 
user 
oriented 
specifications 
which 
make 
this 
a 
"SWITCH MODE" 
transistor 
are 
the 
inductive 
switching 
speeds 
(tc and 
tsvl 
which 
are guaranteed 
at TC = 100°C. 
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FORWARD 
BIAS 
There 
are two 
limitations 
on the power 
handling 
ability 
of a transistor: 
average 
junction 
temperature 
and 
second 
breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 
limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 
operation; 
i.e., 
the 
transistor 
must 
not 
be subjected 
to 
greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of Figure 
11 is based 
on TC = 250C;TJ(pk) 
is variable 
depending 
on power 
level. 
Second 
breakdown 
pulse 
limits 
are valid for d~ty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ;. 
250C. 
Second 
breakdown 
limitations 
do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 
current 
at the 
voltages 
shown 
on Figure 
11 may be found 
at any case temperature 
by using the appropriate 
curve 
on 
Figure 
13. 
TJ(pkl 
may be calculated 
from 
the 
data 
in Figure 
10. 


At high case temperatures, 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 
For 
inductive 
loads, 
high voltage 
and high current 
must 
be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, 


with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 
Under 
these 
conditions 
the 
collector 
voltage 
must 
be held 
to a 
safe level at or below 
a specific 
value of collector 
current. 
This can be accomplished 
by several 
means 
such as active 
clamping, 
RC snubbing, 
load 
line shaping, 
etc. 
The 
safe 


level for these 
devices 
is specified 
as VCEX(sus) 
at a given 
collector 
current 
and 
represents 
a voltage-current 
condi- 


tion 
that 
can 
be sustained 
during 
reverse 
biased 
turn-off. 
This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the 
device 
is never 
subjected 
to an avalanche 
mode. 
Fig- 


ure 
12 gives the 
complete 
reverse 
bias safe operating 
area 
characteristics. 
See Table 
1 for circuit 
conditions. 
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See Table 1 for conditions. 


Figure 
7 for waveshapil. 
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® MOTOROLA 


Designers 
Data Sheet 


SWITCHMODE 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


The MJ10013 and MJ10014 Darlington transistors are designed 
for 
high-voltage, high-speed, power switching in inductive circuits 
where 
fall 
time 
is critical. 
They are particularly 
suited for line- 
operated switch mode applications such as: 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 
• 
Motor Controls 
• 
Deflection Circuits 


• 
Fast Turn-Off Times 


250 ns Inductive Fall Time-25°C 
(Typ) 
500 ns Inductive CrossoverTime-25°C 
(Typ) 
1.4l1s Inductive Storage Time-25°C 
ITyp) 


• 
Operating Temperature Range: -65 to +2000C 


• 
1Q0oCPerformance Specified for: 
ReversedBiasedSOA With Inductive Loads 
Switching Times With Inductive Loads 
Saturation Voltages 
LeakageCurrents 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MJ10013 
I MJ10014 
Unit 


Collector-Emitter 
Voltage 
VCEOlsu.1 
550 
I 
600 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
650 
I 
700 
Vdc 


Emitter 
Base Voltage 
VEB 
8 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
10 
Adc 
- 
Peak III 
ICM 
15 


BaseCurrent 
- 
Continuous 
IB 
7 
Adc 
- 
Peak (1) 
IRM 
10 


Total 
Power 
Dissipation 
@ T C 
== 25°C 
Po 
175 
Watts 
@lTC: 
1000C 
100 


Derate 
above 
25°C 
1 
W/oC 


Operating 
and Storage 
Junction 
TJ,Tst9 
-6510 
+200 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Ma. 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
RBJC 
1 
°C/W 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°c 
Purposes: 1/S" from Case for 5 Seconds 


(1) Pulse 
Test: 
Pulse 
Width'" 
5 ms, Dutv 
Cvcle 
c; 10% 


MJI0013 
MJI0014 


10 AMPERE 


NPN SILICON 


POWER DARLINGTON 
TRANSISTORS 


The 
Designers Data 
Sheet 
permils 
the design of most circuits entirely from 
the information 
presented. Limit 
dala- 


representing 
device 
characteristic 
boundaries-are 
given 
to 
facilitate 
"worst-case" design. 


LI~-f 
t.~ 


HOTES: 


1. OIMENSIOHS 
a AHO 
v ARE 
DATUMS 


1 [I] IS SEATING 
PLANE 
AND 
DATUM. 


3. 
POSITIONAL 
TOLERANCE 
Fall 


MOUNTING 
HOLE 
a· 


1+ll13".OO5,el,lvel 


FaA 
LEADS: 


I + 1 1.13".OO5,e,Ivel 
Del 


4. 
DIMENSIONS 
AND 
TOLERANCES 
PEIl 


ANSIY14.5,1913. 


ELECTRICAL 
CHARACTERISTICS 
ITC" 
25°C unlessotherwise noted!. 


1 
Ch.r.cteristic 
- 
Symbol 


OFF CHARACTERISTICS 


Collector·Emitter 
Sustaining 
Voltage 
(Table 
1) 
VCEOlsus} 
Vdc 
IIC: 
100 mA, IS = O} 
MJlOO13 
550 
- 
- 
MJloo14 
600 
- 
- 


Collector 
CutOff 
Current 
ICEV 
mAde 
IVCEV 
= Rated Value, VSEloffl 
= 1.5 Vdcl 
- 
- 
0.3 


IVCEV 
= Rated Value, VSEloffi 
= 1.5 Vdc, Te' 
1500el 
- 
- 
5 


Collector 
Cutoff 
Current 
ICER 
5 
mAde 
IVCE = Rated VCEV. RSE = 50 n. TC: 
100°C) 


Emitter 
Cutoff 
Current 
> 
IESO 
- 
175 
mAde 
IVES = 2 Vdc, IC = 01 
, 


See Figure 12 


See Figure 13 


DC Current 
Gain 
hFE 
- 


IIc 
= 5 Adc. VCE = 5 Vdd 
20 
- 
500 
(lc 
= 10 Adc. VCE = 5 Vdcl 
10 
- 
250 


Collector· 
Emitter 
Saturation 
Voltage 
VeElsatl 
Vdc 
lie 
= 10 Ade, IS = 2 Ade! 
- 
- 
2.5 
lie 
= 10 Ade. IS = 2 Ade, TC: 
1000CI 
- 
- 
2.6 


Base-Emitter 
Saturation 
Voltage 
VSElsat! 
Vde 
IIc 
= 10 Ade, IS = 2 Ade! 
- 
- 
3 
IIc 
= 10 Ade, IS = 2 Ade, TC = 1000e) 
- 
- 
3 


Diode 
Forward 
Voltage 
(11 
Vf 
- 
3 
5 
Vde 
IIF 
= 10 Add 


Small·Slgnal Current Gain 
Ihfe I 
10 
- 
- 
- 


IIc 
= 1 Ade, VCE = 10 Vdc, ftest = 1 MHzl 


Output 
Capacitance 
Cob 
100 
- 
350 
pF 
IVCS = 10 Vdc. IE = 0, ftest = tOO kHzl 


Resistive Load (Table 
1) 


Delay 
Time 
IVCC = 250 Vde, IC = 10 A, 
td 
- 
0.02 
0.2 
~s 


Rise Time 
ISI 
= 1 A, VSEloffl 
= 5 Vde, tp = 50 ~s, 
tr 
0.9 
2 
~s 


Storage Time 
Duty Cycle" 
2% 
ts 
0.95 
4 
~s 


Fall 
Time 
tf 
- 
0.22 
1 
~s 


Inductive 
Load, Clamped 
(Table 
1) 


Storage 
Time 
IIC = 10 Alpkl, 
Velamp: 
250 Vde, IS1 = 1 A, 
ts 
- 
2.3 
6 
~s 


Crossover Time 
VSEloff) 
= 5 Vde, TC = 1000CI 
te 
- 
1 
3 
~s 


Storage 
Time 
IIC -10 
Alpkl. 
Velamp 
= 250 Vde, IS1 = 1 A, 
ts 
- 
1.4 
- 
~s 
Crossover Time 
VSEloffl 
= 5 Vde, TC = 250CI 
te 
0.5 
- 
~s 


Fall Time 
Ifi 
- 
0.25 
- 
~s 


(1) The internal 
Collector-la-Emitter 
diode can eliminate 
the need for an external 
diode to clamp inductive loads. 


Tests have shown that the Forward 
Recovery Voltage 
(Vfl 
of this diode is comparable 
to that of typical fast 
recovery rectifiers. 


121 Pulse Test: .PW = 300 
J,lS, 
Duty Cycle" 
2%. 
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In resistive 
switching 
circuits, 
rise, fall, and 
storage 
times 


have been 
defined 
and 
apply 
to 
both 
current 
and 
voltage 


waveforms 
since 
they 
are in phase. However. 
for 
inductive 


loads 
which 
are 
common 
to 
SWITCHMODE 
power 
suppl ies and 
hammer 
drivers, 
current 
and 
voltage 
wave- 


forms 
are not 
in phase. 
Therefore, 
separate 
measurements 
must 
be 
made 
on 
each 
waveform 
to determine 
the 
total 


switching 
time. 
For 
this 
reason. 
the 
following 
new 
terms 


have 
been 
defined. 


tsv = Voltage 
Storage 
Time, 
90% 161 to 10% Vclamp 


trv -- Voltage 
Rise Time, 
10-90% 
Vclamp 
tli 
= Current 
Fall Time, 
90-10% 
IC 


tti 
= Current 
Tail, 
10-2% 
IC 


tc 
= Crossover 
Time, 
10% Vclamp 
to 10% IC 


An 
enlarged 
portion 
of the turn-off 
waveforms 
is shown 
in 


Figure 
7 to aid in the visual 
identity 
of these terms. 
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For 
the 
designer, 
there 
is minimal 
switching 
loss during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses 
occur 
during 
the 
crossover 
interval 
and 
can 
be obtained 
using the standard 
equation 
from 
AN·222: 


PSWT = 1/2 VCCIC(tc! 
f 


In general, 
trv 
+ tfi '" tc. However, 
at lower 
test 
cur- 
rents 
this relationship 
may not be valid. 


As is common 
with most switching 
transistors, 
resistive 
switching 
is specified 
at 25"'C and has become 
a benchmark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter circuits, the user oriented specifications which 
make 
this a "SWITCHMODE" 
transistor 
are the inductive 
switching 
speeds 
(tc 
and 
tsv) 
which 
are 
guaranteed 
at 
lOOoC. 
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FORWARD 
BIAS 
There 
are two limitations 
on the power 
handling 
ability 


of a transistor: 
average junction 
temperature 
and second 


breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 
limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 
operation; 
i.e., 
the 
transistor 
must 
not 
be subjected 
to 


greater 
dissipation 
than 
the 
curves 
indicate. 
The 
data 
of Figure 
12 is based 
on TC = 250C; 
TJ(pk) 
is variable 
depending 
on power 
level. Second 
breakdown 
pulse 
limits 
are valid 
for duty 
cycles 
to 
10% but 
must 
be 
der,ated 
when 
TC ;;. 250C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 
current 
at the 
voltages 
shown 
on Figure 
12 may be found 


at 
any 
case 
temperature 
by 
using 
the 
appropriate 
curve 
on Figure 
14. 


TJ(pkl 
may 
be calculated 
from 
the 
data 
in Figure 
11. 
At high case temperatures, 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
to values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 
For 
inductive 
loads, 
high 
voltage 
and 
high 
current 
must 
be 
sustained 
simultaneously 
during 
turn·off, 
in 
most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 


biased. 
Under 
these 
conditions 
the 
collector 
voltage 
must 
be held to a safe level at or below 
a specific 
value of 
collector 
current. 
This 
can 
be 
accomplished 
by 
several 


means 
such 
as active 
clamping, 
RC snubbing, 
load 
line 
shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 
as 
Reverse 
Bias Safe 
Operating 
Area 
and 
represents 
the 


volt~ge-current 
conditions 
allowable 
during 
reverse 
biased 


turn-off. 
This 
rating 
is verified 
under 
clamped 
conditions 


so that 
the device 
is never subjected 
to an avalanche 
mode. 


Figure 
13 gives the complete 
R BSOA characteristics. 
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® MOTOROLA 


SWITCHMODE 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 
WITH 
BASE-EMITTER 
SPEEDUP DIODE 


The MJ10015 
and MJ10016 
Darlington 
transistors are designed 
for 
high-voltage, 
high-speed, power switching 
in inductive 
circuits 
where fall 
time is critical. They are particularly 
suited for line- 
operated 
switchmode 
applications 
such as: 


• 
Switching 
Regulators 


• 
Motor Controls 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Fast Turn-Off 
Times 


1.0 J,lS (max) Inductive Crossover Time - 
20 Amps 
2.5 J,lS (max) Inductive Storage'Time 
- 20 Amps 


• 
Operating Temperatute 
Range -65 to +2000C 


• 
Performance Specified for. 


Reversed Biased SOA with Inductive 
Loads 


Switching Times with 
Inductive 
Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MJt0015 I MJ10016 
Unit 


Collector-Emmer 
Voltage 
VCEOlsus) 
400 
I 
500 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
600 
I 
700 
Vdc 


Emitter 
Base Voltage 
VEB 
B.O 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
50 
Adc 
- Poak111 
ICM 
75 


Base Current 
- 
Contlnous 
IB 
10 
Adc 


-Poaklll 
IBM 
15 


Total Power Disslpation@Tc 
- 2SoC 
PD 
250 
Watts 


@TC= 100°C 
143 
Derate 
above 
25°C 
1.43 
W/oC 


Operating 
and 
Storage 
Junction 
TJ. Tstg 
-65 to +200 
°c 


Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, 
Junction 
to Case 
R8JC 
0.7 
°CIW 


MaXimum 
Lead Temperature 
for Soldering Purposes: 
TL 
275 
°c 
liS" 
from 
Case for 5 Seconds 


(1) Pulse 
Test: 
Pulse 
Width 
'= 5 ms. DutY Cycle" 
10% 
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MJI0016 


NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 
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STYlE 
1: 


PIN 
1. 
BASE 
2. EMlnER 
CASE. COllECTOR 


MILLIMETERS 
INCHES 
aiM 
MI. 
MAX 
MI. 
MAX 


A 
38.3S 
39.31 
1510 
1.550 


• 
19.30 
11.0' 
0.760 
0.B30 


C 
6.3S 
1.62 
O.lSO 
0.300 
0 
1.45 
1.6<1 0.051 
0.063 


E 
3.43 
0.135 


F 
19.90 
30.40 
1.117 
1.197 


G 
10.61 
11.18 
0.420 
0.440 
H 
5.21 
5.12 
0.1OS 
O.llS 
J 
16.64 
11.15 
0655 
0.61 
• 
11.18 
12.19 
0.440 
0.480 
0 
3.84 
'.09 
0.151 
0.161 
• 
24.89 
16.61 
0.9'0 
1.050 


Collector-Emitter 
Sustaining Voltage (Table 11 
VCEO(sus) 
Vde 


(lC - 100 mA, 'B' 
0, Vel amp = Raled 
VCEOI 
MJ10015 
400 
- 
- 
MJloo16 
500 
- 
- 


Collector Cutoff Current 
ICEV 
- 
- 
0'.25 
mAde 


IVCEV 
- Raled 
Value, 
VBE(off)· 
1.5 Vdel 


Emitter Cutoff Current 
lEBO 
- 
- 
350 
mAde 
(VEB - 2.0 Vde, 
IC' 
01 


Second Breakdown Collector Current with Base Forward Biased 


Clamped Inductive SOA with BaseReverse Biased 


See Figure 7 


See Figure 8 


DC Current Gain 
hFE 
- 
(lC - 20 Ade, VCE • 5.0 Vdel 
25 
- 
- 
(lC • 40 Ade, VCE = 5.0 Vdel 
10 
- 
- 


Collector-Emitter 
Saturation Voltage 
VCElsa11 
Vde 
(lC - 20 Ade, 
IB - 1.0 Adel 
- 
- 
2.2 
(lC - 50Ade, 
lB· 
10 Adel 
- 
- 
5.0 


Base-Emitter Saturation Voltage 
VBElsall 
- 
- 
2.75 
Vde 
(lC • 20 Ade, 
IB = 1.0 Ade! 


Diode Forward Voltage (21 
Vf 
- 
2.5 
5.0 
Vdc 
(IF = 20 Ade) 


Resistive Load (Table 1) 


Delay Time 
Id 
- 
0.14 
0.3 
"S 
Rise Time 
IVCC - 250 Vde, 
IC - 20 A. 
I, 
- 
0.3 
1.0 
"s 
Storage Time 
IB1 - 1.0 Ade. VBEloffi 
= 5 Vde, 
Ip = 25 "s 
0.8 
2.5 
Outy Cycle •• 2%1. 
Is 
"S 
Fall Time 
If 
0.3 
1.0 
"s 
Inductive Load. Clamped (Table 1) 


Storage Time 
(lC· 
20 A(pkl. 
Velamp 
~250 
V, IB1 = 1.0 A, 
Isv 
I 
- 
I 
1.0 
I 
2.5 
I ". 
Crossover Time 
VBEloff) 
= 5.0 Vdel 
I 
Ie 
I 
I 
0.36 
I 
1.0 
I 
"s 


(11 Pulse Test: PulseWidth = 300 ,Us. Duty Cycle II; 2%. 
(21 The internal Collector-to-Emitter 
diode can eliminate the need for an external diode to clamp inductive loads. Tests have shown that 
the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast recovery rectifiers. 
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RESISTfVE 
SWITCHING 
TURN ON TIME 


Pul •• ftV 
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pul•• Wldt~ 


.dIU.Ud 
to 
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IC••C,t,.o 


Ie (R."n,v. 
SWltc~·ng. 


P•••I,.Wldt~ 
·25,1l.1 


Lcoil 
• 
180 
pH 
Rcoil· 
005 n 
Vcc" 
20 V 


-v· 


0' 
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MJE200 
02 
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01 
,N914 
OJ 
2N3762 
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ve,l ve"[:: 
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T.m, 
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LCOIl(tCpk) 
t, •. --vcc 
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LcO,l(ICpto;) 
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Tell 
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- Tek vomit 


.75 
or Equ,v.'ent 


TIME 


SWITCHING 
TIMES 
NOT~ 


In 
resistive switching circuits, 
rise, fall, and storage 
times 
have 
been 
defined 
and 
apply 
to 
both 
current 
and 
voltage 
waveforms 
since they 
are in phase. However, 


for inductive 
loads 
which 
are common 
to SWITCHMODE 
power 
supplies 
and 
hammer 
drivers. 
current 
and voltage 
waveforms are not in phase. Therefore, 
separate measure· 


ments must be made on each waveform to determine the 
total 
switching 
time. 
For 
this 
reason. 
the 
following 
new 
terms 
have been defined. 


18~: 


1St 
adJuultd 
to 
obt.,n 
the forced 


~FE 
desired 


V•• i"duetive sWItching 
circu.t.s 
t~e input to 
the resistive test circuit. 


VCC·250V 
RL-12Sn 
Pulse W,dt~ •• 25,1ls 


tsv = Voltage 
Storage 
Time. 
90% IS1 to 10% Vclamp 
trv = Voltage 
Rise Time. 
10-90% 
Vclamp 
tfi = Current 
Fall Time. 
90 -10% 
IC 
tti 
= Current 
Tail. 
10-2% 
IC 
tc 
= Crossover 
Time. 
10% Vclamp 
to 10% IC 


For the 
designer. 
there 
is minimal 
switcning 
loss during 
storage 
time 
and the 
predominant 
switching 
power 
losses 
occur during the crossover interval and can be obtained 
using the standard 
equation 
from AN-222: 


In general, trv + tfi ~ tc. However, at lower test currents 
this relationship 
may not be valid. 


As is common with most switching transistors, resistive 
switching 
is specified 
and 
has 
become 
a benchmark 
for 
designers. 
However. 
for 
designers 
of high 
frequency 
con- 
verter 
circuits, 
the 
user oriented 
specifications 
which 
make 
this 
a "SWITCHMODE" 
transistor 
are the inductive 
switching 
speeds 
(tc and tsv) which 
are guaranteed. 


FIGURE 7 - 
FORWARO BIAS SAFE OPERATING AREA 
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There are two limitations on the power handling ability 
of a transistor: 
average junction 
temperature 
and second 
breakdown. Safe operating area curves i"dicate 
IC- VCE 


limits of the transistor that must be observed for reliable 
operation~ i.e., the transistor 
must not be subjected to 


greater dissipation than the curves indicate. 


The data of Figure 7 is based on TC = 250C; TJ(pk) is 


variable depending on power level.' Second breakdown 
'pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250C. Second breakdown limitations 
do not derate the same as thermal limitations. 
Allowable 


current at the voltages shown on Figure 7 may be found 
at any case temperature by using the appropriate curve 
on Figure 9. 


For inductive loads, high voltage and high current must 
be sustained simultaneously 
during 
turn·off, 
in most 


cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 


Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as ReverseBias 
Safe Operating Area and represents the voltage·current 
condition 
allowable during reverse biased turn·off. 
This 
rating is verified 
under clamped conditions 
so that the 
device is never subjected to an avalanche mode. Figure B 
givesthe complete RBSOA characteristics. 


FIGURE 10 - 
TYPICAL 
REVERSE BASE CURRENT 
ve,susVBE(offl 
WITH NO EXTERNAL 
BASE RESISTANCE 
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See Table 1 for conditions, 
Figure 6 forwaveshape. 
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Desigop"!-i Data Sheet 


SWITCHMODE 
SERIES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 
WITH 
BASE-EMITTER 
SPEEDUP DIODE 


The MJ10020 
and MJ10021 
Darlington 
transistors are designed 
for 
high-voltage, 
high'speed, 
power switching 
in inductive 
circuits 
where 
fall 
time 
is critical. 
They 
are particularly 
suited for 
line- 
operated switchmode applications such as: 


• 
AC and DC Motor Controls 


• 
Switching 
Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Fast Turn-Off 
Times 
150 ns Inductive Fall Time at 25°C (Typ) 
750 ns Inductive Storage Time at 25°C (Typ) 


• 
Operating Temperature 
Range -65 
to +200oC 


• 
lOOoC Performance Specified for: 


Reversed Biased SOA with Inductive 
Load~ 
Switching Times with Inductive 
Loads 
Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
MJ10020 
IMJ10021 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
200 
I 
250 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
300 
I 
350 
Vdc 


Emitter 
Base Voltage 
VE6 
6.0 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
60 
Adc 
- 
Peak (11 
ICM 
100 


Base Current - 
Continuous 
16 
20 
Adc 
-Peak(ll 
16M 
30 


Total 
Power 
Dissipation 
@ TC ::::25°C 
PD 
250 
Watts 
@TC= 
100°C 
143 
Derate 
above 
250C 
1.43 
W/oC 


Operating and Storage Junction 
TJ. Tstg 
-65 
to +200 
°C 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
R.JC 
0.7 
°CIW 


Maximum 
Lead Temperature 
for Soldering Purposes: 
TL 
275 
. °C 
1/8" 
from Case for 5 Seconds 


(1) Pulse Test: Pulse Width 
= 5 ms, Duty Cycle •• 10% 


MJ10020 
MJ10021 


NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


The 
Designers 
Data 
Sheet 
permits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data - 
representing device characteristics 
boundaries 
- 
are 
given 
to 
facilitate~ 


"worst case" design. 


5G7~?Jl 


PLANE 
STYLE 
1: 


F 
PIN 1. BASE 
2. EMITIER 
CASE. COllECTOR 


MILLIMETERS 
INCHES 


OIM 
MI. 
MAX 
MI. 
MAX 


A 
-38.35 
39.31 
1.510 
1.550 
B 
19.30 
21.0B 
0.160 
0.B30 


C 
6.35 
1.62 
0.250 
0.300 
0 
1.45 
1.60 
0.051 
0063 
E 
- 
3.43 
0135 
F 
29.90 
3040 
1.111 
l.t1 


G 
10.61 
I1.1B 
0.420 
0.440 
H 
5.21 
5.12 
0.2115 
0.225 
J 
16.64 
11.15 
K 
11.1B 
12.19 
0.440 
0.480 
Q 
3.84 
4.09 
0.151 
0.161 
R 
24.B9 
26.61 
0.9BO 
1.050 


ELECTRICAL 
CHARACTERISTICS 
(TC = 250C unle •• otherwi.e 
noted) 


Characteristic 
I 
Symbol 


Collector·Emitter 
Sustaining Voltage 
(Table 1) 
MJ10020 
VCEO(.u.) 
200 
- 
- 
Vdc 
lIc=100mA,IB=0) 
MJl0021 
250 
- 
- 
Collector 
Cutoff 
Current 
ICEV 
mAde 
(VCEV 
= Rated Value, VBE(off) 
= 1.5 Vdc) 
- 
- 
0.25 
(VCEV· 
Rated Value, VBE(off) 
= 1.5 Vdc, TC = 150°C) 
- 
- 
5.0 


Collector 
Cutoff 
Current 
ICER 
- 
- 
5.0 
mAde 
(VCE = Rated VCEV, RBE = 50 n,TC = 100°C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
175 
mAde 
(V EB = 2.0 V, IC = 0) 


SECOND 
BREAKDOWN 


Second Breakdown 
Collector 
Current with base forward 
biased 


Clamped 
Inductive SOA with Base Reverse Biased 


ON CHARACTERISTICS 
(1) 


See Figure 12 


See Figure 13 


DC Current Gain 
hFE 
75 
- 
1000 
- 


lIc 
=15 Adc, VCE = 5.0 V) 


ColJector·Emitter 
saturation 
Voltage 
VCE(.at) 
Vdc 
lIc = 30 Adc, IB = 1.2 Adc) 
- 
- 
2.2 
lIc· 
60 Adc, IB = 4.0 Adc) 
- 
- 
4.0 
lIc· 
30 Adc, IB = 1.2 Adc, Tc = 100°C) 
- 
- 
2.4 


Base·Emitter 
Saturation 
Voltage 
VBEI.atl 
Vdc 
lIc = 30 Adc, IB = 1.2 Adc) 
- 
- 
3.0 
lIc· 
30 Adc,lB 
= 1.2 Adc, TC = 100°C) 
- 
- 
3.5 


Diode Forward 
Voltage 
Vf 
2.5 
5.0 
Vdc 
lIF = 30 Adc) 


DYNAMIC 
CHARACTERISTICS 


Output 
Capacitance 
(VCB = 10 Vdc,IE· 
0, fte•t = 1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive 
Load 
(Table 
1) 


Delay Time 
'd 
- 
0.02 
0.2 
'" 
Rise Time 
IVCC = 175 Vdc, IC· 
30 A, 
t. 
- 
0.30 
1.0 
,AS 


Storage 
Time 
IBl = 1.0 Adc, VBEloff) 
= 5.0 V, tp = 251" 
to 
- 
1.0 
3.5 
1" 
Fall Time 
Duty Cycla •• 2.0%1. 


0.07 
0.5 
tf 
- 
1" 
Inductive 
Load, Clamped nable 
1) 


Storage Time 
ICM = 30 Alpkl. 
VCEM = 200 V. IBl =1.2 
A, 
tsv 
- 
1.2 
3.5 
1" 
Crossover 
Time 
VBEloff) 
= 5 V, TC = 100°C) 
to 
- 
0.45 
2.0 
1" 
Storage Time 
t.v 
- 
0.75 
- 
1" 
Crossover Time 
lICM· 
30 A(pk), 
VCEM = 200 V, IB1 ·1.2 
A, 


to 
- 
0.25 
- 
1" 
Fall Time 
VBEloff) 
= 5 V, TC = 250CI 
tfi 
- 
0.15 
- 
1" 
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In 
resIstive switching 
circuits, 
rise, fall, 
and storage 
times have been defined and apply to both current and 
voltage 
waveforms 
since they 
are in 
phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, 
current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments 
must 
be made on each waveform 
to 
determine 
the total 
switching 
time. 
For this reason, the following 
new terms have been defined. 
tsv = Voltage Storage Time, 90% IB1to 10% VCEM 
trv = Voltage Rise Time, 10 - 
90% VCEM 
tfi = Current Fall Time, 90 - 
10% ICM 
tti = Current Tail, 10 - 
2% 'CM 
tc = Crossover Time, 
10% VCEM to 10% ICM 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity 
of these 
terms_ 


For 
the 
designer, 
there 
is minimal 
switching 
loss 
during 
storage 
time 
and 
the 
predominant 
switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 


PSWT = 1/2 Vcclc(tclf 
In general, trv + tfi "'" tc. However, at lower test currents 
this relationship may not be valid. 


As is common with most switching transistors, resistive 
switching 
is specified at 250C and has become a bench- 
mark for 
designers. However, 
for designers of high fre- 


quency converter circuits, the user oriented specifications 
which 
make this a "SWITCHMODE" 
transistor 
are the 
inductive 
switching speeds (tc and tsvl which are guaran- 


teed at 1000C. 
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FORWARD 
BIAS 
There are two limitations on the power handling ability 
of a transistor: 
average junction temperature 
and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; 
i.e., the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 


The data of Figure 13 is based on TC ~ 250C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;;' 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 
TJ(pk) may be calculated from the data in Figure 12. 


At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE 
BIAS 
For 
inductive 
loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction 
reverse biased. 


Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents 
the voltage-current 
condition 
allowable during reverse biased turn-off. This 
rating is verified under clamped conditions 
so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics. 
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Designers 
Data Sheet 


SWITCHMODE 
SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 


The MJ10022 and MJ10023 
Darlington transistors are designed 
for high-voltage, 
high-speed, power switching 
in inductive circuits 
where 
fall 
time 
is critical. 
They are particularly 
suited 
for 
line-operated switch mode applications such as: 


• 
AC and DC Motor Controls 


• 
Switching 
Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Fast Turn-Off Times 
150 ns Inductive Fall Time @ 25°C (Typ) 
300 ns Inductive Storage Time @ 25°C (Typ) 


• 
Operating Temperature Range -65 to +200oC 


• 
100°C Performance Specified for: 


Reversed Biased SOA with Inductive Loads 
Switching 
Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MJ10022 
MJ10023 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
350 
400 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
450 
600 
Vdc 


Emitter 
Base Voltage 
VEB 
B.O 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
40 
Adc 
-Peak('1 
ICM 
BO 


Base Current 
- 
Continuous 
'B 
20 
Adc 


-Peak('} 
IBM 
40 


Total Power 
Dissipation 
@ TC = 25°C 
Po 
250 
Watts 


@ TC = 100°C 
143 
Derate 
above 25°C 
1.43 
W/oC 


Operating 
and Storage 
Junction 
TJ. Tstg 
-65 to +200 
°c 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
ReJC 
0.7 
°C/W 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°c 
Purposes: 
1IS'" from 
Case for 5 Seconds 


I 


(1) Pulse 
Test: 
Pulse 
Width 
- 
5 ms, 
Duty 
Cycle 
~ 
10%. 


MJ10022 
MJ10023 


NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


The Designers 
Data 
Sheet 
permits 
the design of most circuits 
entirely 
from 


the 
information 
presented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to facilitate 


"worst 
case" 
design. 


L~IFB 
C 


~ 
D 
K 


SUTING 
t 


'lANE 
STYLE L 
F 
PIN 1. BASE 
2. 
EMITTER 
CASE. 
COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
38.35 
39.37 
1.510 
1.550 
8 
19.30 
21.08 
0.760 
0.830 


C 
6.35 
7.62 
0.250 
0.300 
0 
1.45 
1.60 
0.057 
0063 


E 
3.43 
- 
0135 


F 
29.90 
3040 
1.177 
1.19 


G 
10.67 
11.18 
0.420 
0.440 


H 
5.21 
5.72 
0.205 
0.225 
J 
16.64 
17.15 


K 
11.18 
12.19 
0.440 
0.480 


Q 
3.84 
4.09 
0.151 
0.161 


R 
24.89 
26.67 
0.980 
1.050 


ELECTRICAL 
CHARACTERISTICS 
(TC ~ 25°C 
unless 
otherwise 
noted) 


Characteristic 
Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 
1) 
MJ1oo22 
VCEO(sus) 
350 
- 
- 
Vdc 
(IC ~ 100 mA, IB ~ 0) 
MJ1OO23 
400 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 


(VCEV ~ Rated Value, 
VBE(oH) ~ 1.5 Vdc) 
- 
- 
0.25 


(VCEV ~ Rated Value, 
VBE(oll) 
~ 1.5 Vdc, TC ~ 150°C) 
- 
- 
5.0 


Collector 
Cutoff 
Current 
ICER 
- 
- 
5.0 
mAdc 
(VCE ~ Rated VCEV, RBE ~ 50 n, TC ~ 100°C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
175 
mAdc 
(VEB ~ 2.0 V, IC ~ 0) 


see Figure 13 


See Figure 14 


Second Breakdown 
Collector 
Current 
with 
Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse Biased 


DC Current 
Gain 
hFE 
50 
- 
600 
- 
(IC ~ 10 Adc, VCE ~ 5.0 V) 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 
(lC ~ 20 Adc, IB ~ 1.0 Adc) 
- 
- 
2.2 
IC ~ 40 Adc, IB ~ 5.0 Adc) 
- 
- 
5.0 
(lc ~ 20 Adc, IB ~ 1.0 Adc, TC ~ 100°C) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBE(sat) 
Vdc 
IIc 
~ 20 Adc, 
IB = 1.2 Add 
- 
- 
2.5 
IIc 
= 20 Adc, 
18 = 1.2 Adc, TC = 100OC) 
- 
- 
2.5 


Diode Forward 
Voltage 
VI 
- 
2.5 
5.0 
Vdc 
(IF ~ 20 Adc) 


Output 
Capacitance 
(VCB ~ 10 Vdc, IE ~ 0, Itest 
~ 1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive 
Load (Table 1) 


Delay Time 
td 
- 
0.03 
0.2 
"s 
Rise Time 
(VCC ~ 250 Vdc, IC ~ 20 A, IB 1 ~ 1.0 Adc, 
t 
- 
0.4 
1.2 
uS 
Storage 
Time 
VBE(off) ~ 5.0 V, tp ~ 50 "s, 
to 
- 
0.9 
2.5 
"s 
Duty 
Cycle 
<; 2.0%) 
Fall Time 
tl 
0.3 
0.9 
/ls 


Inductive 
Load, Clamped 
(Table 1) 
. 


Storage 
Time 
(lCM ~ 20 A, VCEM ~ 250 V, IBl 
~ 1.0 A, 
tov 
- 
1.9 
4.4 
/lS 
Crossover 
Time 
to 
0.6 
2.0 
"s 
Fall Time 
VBE(off) ~ 5 V, TC ~ 100°C) 
tfi 
- 
0.3 
- 
/lS 


Storage 
Time 
(lCM ~ 20 A, VCEM ~ 250 V, IBl 
~ 1.0 A, 
tov 
- 
1.0 
- 
/ls 
Crossover 
Time 
VBE(oll) 
~ 5 V, TC ~ 25°C) 
to 
0.3 
/lS 
Fall Time 
tli 
0.15 
/lS 
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FIGURE 
3 - 
COLLECTOR-EMITTER 
SATURATION 
VOLTAGE 
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FIGURE 9 - 
TYPICAL 
INDUCTIVE 
SWITCHING 
TIMES 


ICM = 20 A 
IBI = 1 A 


VCEM = 250 V 


1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 


VBEloH). 
BASE·EMITTER 
VOLTAGE (VOLTS) 


In resistive switching 
circuits, 
rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms 
since they are in phase. However, 


for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform 
to determine 
the total switching 
time. For this reason, the following 
new terms have been jJefined. 


tsv = Voltage Storage Time, 90% IB1 to 10% VCEM 
trv = Voltage Rise Time, 10-90% 
VCEM 
tfi 
= Current Fall Time, 90-10% 
ICM 
tti 
= Current Tail, 10-2% 
ICM 
tc 
= Crossover Time, 10% VCEM to 10% ICM 
An enlarged portion of the inductive switching waveform 
is shown 
in Figure 7 to aid on the visual 
identity 
of 
these terms. 
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For the designer, 
there 
is minimal 
switching 
loss 
during 
storage 
time and the predominant 
switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 


PSWT = 112 Vcclc(tdf 
In general, trv + tfi '" tc. However, at lower test currents 
this relationship may not be valid. 


As is common with most switching transistors. resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. 
However, 
for designers 
of high 
frequency converter circuits. the user orinented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive 
switching 
speeds (tc and tsvl which 
are 
guaranteed at 100°C. 
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There are two limitations 
on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate 'C-VCE 
limits of the transistor that must be observed for reliable 
operation; 
i.e., the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 


The data of Figure 13 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. 
Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 
TJ(pk) may be calculated from the data in Figure 12. 


At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations 
imposed by second breakdown. 


REVERSE .BIAS 


For inductive 
loads, high voltage 
and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction 
reverse biased. 


Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. 
This 
rating is verified 
under clamped conditions 
so that thE> 


device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics . 
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Designer's 
Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 


The MJ1 0024 and MJ1 0025 Darlington transistors are designed 
for high-voltage. 
high-speed. power switching 
in inductive circuits 
where 
fall 
time 
is critical. 
They 
are particularly 
suited 
for 
line-operated switch mode applications such as: 


• 
AC and DC Motor Controls 


• 
Switching 
Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Operating Temperature Range -65 to +20aoC 


• 
1aaoc 
Performance Specified for: 


Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MJ10024 
MJ10025 
Unit 


Collector· 
Emitter 
Voltage 
VCEO(sus) 
750 
850 
Vde 


Collector-Emitter 
Voltage 
VCEV 
1000 
1200 
Vde 


Emitter 
Base Voltage 
VEB 
8.0 
Vde 


Collector 
Current 
- 
Continuous 
'C 
20 
Ade 
- 
Peak(I) 
ICM 
40 


Base Current 
- 
Continuous 
IB 
·10 
Ade 


- 
Peak(1) 
IBM 
20 


Total 
Power 
Dissipation 
@ TC ;. 25°C 
Po 
250 
Watts 


@TC= 100°C 
143 
Derate above 25°C 
1.43 
W/oC 


Operating 
and Storage Junction 
TJ' Tstg 
-65 to +200 
°C 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
R9JC 
0.7 
°CIW 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°C 
Purposes: 
1IS'" from 
Case for 5 Seconds 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle 
~ 
10%. 


MJ10024 
MJ10025 


NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


The Designer's 
Data Sheet 
permits 
the design of most circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to facilitate 
"worst 
case" design. 
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, 
0 
K 


ET¥ 
~ 
j 


STYlE 
1 


PIN 
1. 
t 


CAS' 


NOTES 


1. DIMENSIONS 
a AND v ARE 
DATUMS. 


2 OJ IS SEATING 
PLANE 
AND 
DATUM 
J. POSITIONAl 
TOLERANCE 
FOR 


MOUNTING 
HOLE-Q 
I .I'·""""e 
Irlvel 


FOR 
LEADS 
1.1 ,,,,,.OO5,erIvel oel 


4. 
DIMENSIONS 
AND 
TOLERANCES 
PER 


ANSI 
'1'14.5. 
1973. 


ELECTRICAL CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
noted) 


Characteristic 
Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 1) 
MJ10024 
VCEOlsusl 
750 
- 
- 
Vdc 
(IC = 100 mA.IB 
= 0) 
MJ10025 
850 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAde 


(VCEV = Rated Value. VBE(off) = 1.5 Vdcl 
- 
- 
025 
(VCEV = Rated Value. VBEloffl 
= 1.5 Vdc. TC = 150°C) 
- 
- 
5.0 


Collector 
Cutoff 
Current 
ICER 
- 
- 
5.0 
mAdc 
(VCE = Rated VCEV. RBE = 50 n. TC = 100°C) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
175 
mAde 
(VEB = 2.0 V. IC = 0) 


Second 
Breakdown 
Collector 
Current 
with base forward 
biased 


Clamped 
Inductive 
SOA with base reverse 
biased 


DC Current 
Gain 
hFE 
50 
- 
600 
- 


(lC = 5.0 Adc. VCE = 5.0 V) 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 
(lC = 10 Adc. IB = 1.0 Adc) 
- 
- 
2.2 
IC = 20 Adc. IB = 5.0 Adc) 
- 
- 
50 
IIC = 10 Adc. IB = 1.0 Adc. TC = 100°C) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBElsat) 
Vdc 
(lC = 10 Adc. IB ~ 1.0 Adc) 
- 
- 
2.5 
(lc = 10 Adc. IB = 1.0 Adc. TC = 100°C) 
- 
- 
2.5 


Diode Forward 
Voltage 
Vf 
- 
1.25 
4.0 
Vdc 
IIF = 10 Adc) 


Output 
Capacitance 
IVCB = 10 Vdc. IE = O. ftest = 1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive 
Load (Table 1) 
I 


Delay Time 
IVcC = 250 Vdc. IC = 10 A. IBl 
= 1.0 Ad/:. 
td 
- 
0.03 
0.3 
~s 
Rise Time 
tr 
- 
0.6 
1.8 


Storage 
Time 
VBE(off) = 5.0 V. tp = 50 ~s. 
ts 
- 
2.0 
5.0 
Duty Cycle';; 
2.0%) 
Fall Time 
tf 
- 
06 
1.8 


Inductive 
Load. Clamped 
ITable 
1) 


Storage 
Time 
(ICM = 10 A. VCEM = 250 V. IB1 = 1.0 A. 
tsv 
- 
2.9 
7.0 
~s 
Crossover 
Time 
VBEloff) 
= 5 V. TC = 100°C) 
tc 
- 
1.0 
3.3 


Storage 
Time 
(lCM= 
10A, 
VCEM=.250V.IBl 
= 1.0A. 
tsv 
- 
21 
50 
~s 
Crossover 
Time 
RBE = 24 O. TC = 100°C 
tc 
- 
9.0 
25 


Storage 
Time 
(ICM = lOA, 
VCEM = 250 V. VBE(off) = 5.0 V. 
tsv 
- 
2.2 
- 
~s 


Crossover 
Time 
IBl 
Baker Clamped 
[1 Ampere 
Source). 
tc 
- 
0.5 
- 
TC = 100°C) 


-"," 


I 
•••• - ...... 


\ 
I--:: 


/ 
~ 
/ \ 
VCE: 5.0 V 


VCE- 10 V 
" 
,\ 
/ 
\\ 


TJ 
100°C 
'[\ 
TJ: 
25°C 
"I 
1 
r}, 


z 
<ii100 


B 
25 
50 


3.0 


~ 
2.7 


~ 2.4 
~ 
~ 


2.1 


1.B 
'"~ 1.5 


a5 
1.2 


"' 
0 
~ 
0.9 


8 
06 


w 
0.3 
:f;;' 


II 
- - 


I 
I I I 
- 
- 


f- 
ICIIB: 
5.0 
- 
- 
- 
- 


A 
./ 


f- 
TJ - 25°C 


TJ: 
100°C 
II 


104 


<i 
103 
.3 
t- 
~ 102 
=>u 
'" 
B 101 
~ 


0u~ 100 


:=VC[' 
250V 
/' 


_Tr1150C 
/ 
f 
= -100°C 
- 
-75°C 
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f 
= =250C 
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~ 
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'"~ 


a5 20 
"'o 
8 


~ 
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I 
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-- 
- - 


I-- 
TJ:100OC 
- 
- 


Vi 
~ 
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~ 
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<.0 
~ 
2.1 
_ 
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~ 
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~ 
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FIGURE 9 - 
TYPICAL 
INDUCTIVE 
SWITCHING 
TIMES 
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FIGURE 
10 - 
TYPICAL 
INDUCTIVE 
SWITCHING 
TIMES 
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In resistive switching 
circuits, 
rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms 
since they are in phase. However, 


for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase.Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching 
time. For this reason, the following 
new terms have been defined. 


tsv = Voltage Storage Time, 90% IB1 to 10% VCEM 
trv = Voltage 
Rise Time, 10-90% 
VCEM 
tfi 
= Current Fall Time, 90-10% 
ICM 
tti 
= Current Tail, 10-2% 
ICM 
tc = Crossover Time, 10% VCEM to 10% 'CM 
An enlarged portion of the inductive switching waveform 
is shown 
in Figure 7 to aid on the visual identity of 
these terms. 


FIGURE 
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For the designer, 
there 
is minimal 
switching 
loss 
during 
storage time and the predominant 
switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 


PSWT = 1/2 Vcclc(tclf 
In general. trv + tfi == tc, However, at lower test currents 
this relationship may not be valid. 


As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. 
However, 
for designers 
of high 
frequency converter circuits, the user orinented specifica- 
tions which make this a "SWITCH MODE" transistor are 
the inductive switching 
speeds (tc and tsvl which 
are 
guaranteed at 100°C. 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown_ Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i,e., the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 


The data of Figure 14 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations_ Allowable 
current at the voltages shown on Figure 14 may be found 
at any casetemperature by using the appropriate curve on 
Figure 16, 


TJ(pk) may be calculated from the data in Figure 13. 


At high casetemperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE 
BIAS 


For inductive 
loads, high voltage and high current 
must besustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biasedturn-off. 
This rating is verified under clamped conditions.so that 
the device is never subjected to an avalanche mode. 
Figure 15 gives the RBSOA characteristics_ 
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® MOTOROLA 


Designer's 
Data Sheet 


50 KVA SWITCH MODE TRANSISTOR 


50-Ampere 
Operating 
Current 


The 
MJ10050 
Darlington 
transistor 
is designed 
for 
industrial 


service 
under 
practical 
operating 
environments 
found 
in switching 


high 
power 
inductive 
loads 
off 460-Volt 
lines. 


4y 


• Emitter-Collector 
Diode is a high power diode. 


Mica Insulators 
available as separate Items 


0.003" thick 
Motorola Part Number 14ASal 
23878001 
0_006~ thick. Motorola 
Part Number 
14ASB12387B002. 


Notes: 


A Belleville 
washer of 0472' 
0 D. a 205"1 0 .0 024 "'lhlck 
and 150 pounds flat IS 


recommended 


The lead torque should be limited to 20 In ·Ib. unsupported 
10prevent rotation of the 


termInal In lhepackage. The torque may be Increased to 50 In -Ib rf support 15 used to 


prevent 
rotatIon. 
The maxImum 
penetration 
of the screw 
should be limited 
to 0 75" 


50 AMPERE 
NPN SILICON 


POWER 
DARLINGTON 
TRANSISTOR 


850 VOLTS 
500 WATTS 


The De~igner's 
Data Sheet 
permits 


the 
design 
of most 
CirCUits 
entIrely 
from 


the information presented Limit data- 
representIng 
device 
characteristics 


boundaries 
- are 
gIven 
to 
factlltate 
"worst-case" 
design 
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NOTES 


1. DIMENSION 
A AND 
B ARE 
DATUMS. 


2 [1:]ls 
SEATING 
PLANE. 


3 
POSITIONAL 
TOLERANCE 
FOR 


MOUNTING 
HOLES 


1t[O"36100141el 
TIAel 
Bel 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
--53.09 
53.B4 
2.090 
2.120 


B 
55:37 
5639 
2.180 
2.220 
t- -- - 
266/ 
-- 
1050 


o 
610 
6.60 
0.240 
0260 


E 
- !c6~ 
-Til 
V60 
0.2BO 


F 
0./1 
0Ji1 
0.02B 
0.032 


G 
- -431 1 BSC 
-1To5 BSC 


H 
12.57 
11.82 
0.495 ·0.505 
Tl:S2 
- 162 
OOGO0064 
K 
- 9:50975 
o3Tf 
0.3B4 
T 
10.11 
10.46 
0.402 
0.412 
-M 
lB.92 -Tfl8 
)eM5 
0.155 
N 
13]/ 
13sT 6:932 0942 


P- -5.08 
5.21 
0.200 
-0.205 


Q 
353 
-T78 
0:139 
0149 


R 
-6:76 
-T1G 
0"266 
0286 
S 
1473 
1524 
0.580 
0600 


V 
-533 
-5]4 
0210 
0230 


-W 
-640 
-GT5 
0252 
0262 


X 
- 73/ 
J87Q1@ 
0310 


CASE 346-01 


Symbol 
Value 
Unit 


VCEO 
a50 
Vde 


VCER 
900 
Vde 
--- 


Vca 
900 
Vde 
- 
---- 


VEa 
ao 
Vde 
- - -- 
--- 
- 


IC 
50 
A 


75 
150 
C 
250 
- - ---- 
------ 
~ 


la 
50 
A 


100 
- 
-- 
----- 
- --- 


Po 
500 
Watts 


4_0 
W/oC 


667 
Watts 
-- 
_._- --_. 
--------- 


nge 
TJ. Tstg 
-55 to +1 50 
°C 


-55 to 200 
--- 


Collector 
Current 
- 
Operating. Te:; 125°C 


- 
Continuous, 
TC = 25°C 


- 
Peak RepetitIve, 
TC := 25"'C 


r- _. 
. 
__ - 
~eak Nonrepetltlve. 
T~:= 25° 


I Base Current 
- 
ContInuous 


I 


-Peak 
Nonrepellllye 


--- -- 
- --- 
-~- 
- 
- 


Total Device DISSipation ra: Te 
-= 25 'C 


Derate 
above 
25-C 
For l·mmute 
overload 


Operating Junction and Storage Temperature Ra 
For l·mlnute 
overload 
- . 
- 
- 


ELECTRICAL 
CHARACTERISTICS 
ITC ~ 25°C unless 
otherwIse 
noted) 


L' 
Characteristic 
---T 
_~S~-m-b-o-I_-_-l~_-_-~-i-n-~---T-Y-P-~--M-.-x-~l--.Unit 
~ 


OFF CHARACTERISTICS 


! Collecto;-Emltler 
Sustaining 
Voltage (1) 


I 


IIC 
~ 250 mAde. 'B - 0) 


Collector 
Cutoff Current 


IVCE - 900 Vde. VBEloff) 
1 5 Vdel 


I,- 
IVCE ~ 900 Vde. VBEloff) - 1 5 Vde. TC 
1SO°C) 


, Collector 
Cutoff 
Current 
I 
(VCE' 
900 Vdc. RBE - 10!1. 
TC - 100°C) 


I 


Emitter 
Cutoff Current 


(VEB - 40 
Vde. IC - 0) 


SAFE 
OPERATING 
AREA 


- 


0 
- 
- 


--- 


- 
20 


- 
10 


-- 
- ----- -- 
-- 
-- 
- 
10 


-- - 
650 


Second Breakdown 
Collector 
Current 
WIth Base Forward-Biased 


Clamped InductIve 
SOA With Base Reverse-BIased 


Ov.erload SOA 


FBSOA 


RaSOA 


OLSOA 


DC Current 
Gain 


(lC ~ 50 Ade. VCE ~ 50 
Vde) 


(lC ~ 50 A. VCE ~ 10 V) 


Collector-Emitter 
Saturation 
Voltage 
IIC ~ 50 A. la ~ 4_0 A) 
(IC ~ 75 Adc. la ~ 15 Al 
(lc = 50 Ade. la ~ 4_0 A. TC = 100' C) 


Base-Emitter 
Saturation 
Voltage 
(lc ~ 50 Ade. IB = 4_0 Ade) 
IIC = 50 Ade. IB ~ 4 0 Ade. Tc ~ 100°C) 


Vde 
2.0 
5.0 
25 


Vde 
30 
30 


DYNAMIC 
CHARACTERISTICS 


[ 
--------------------- - --- 
Output 
Capacitance 


(VCB = 10 Vdc. IE = O. 'test 
= 10 
kHz) 
-------_._._ 
.._-~-"--- 
"-_.- --- 


,"',.."t 
I 
c~~- r 


ELECTRICAL 
CHARACTERISTICS 
(Continued) (TC; 25°C unless otherwise 
noted) 


Characteristic 
Symbol 


Resistive load 


Delay Time 
(VCC; 
300 Vdc. IC ; 50 A. IBl = 40 
A. 
tn 
- 
003 
025 
~s 
Rise Time 
tr 
- 
1.2 
5.0 
uS 


Storage Time 
RBE= 10n.tp;50~s. 
t. 
- 
35 
100 
uS 
Fall Time 
Duty Cycle':; 
2.0%) 
tf 
B.5 
35 
~s 


Inductive 
Load. 
Clamped 


Storage 
Time 
(lCM; 
50A. 
TJ; 
100°C 
t.v 
- 
50 
150 
uS 


Crossover 
Time 
tc 
- 
20 
60 
~s 
Storage 
Time 
VCEM; 
300 V. RBE; 
10 n. 
t·v 
- 
35 
100 
uS 
Crossover 
Time 
IBI ; 40 
AI 
TJ = 25°C 
tc 
- 
10 
35 
~s 


.- 


Power Dissipation 
(IB"= 0) 
PD 
- 
- 
250 
W 


Forward Voltage (I) 
(IF; 
50 AI 
VF 
- 
1.0 
1.5 
V 
(IF; 
100 A) 
- 
1.2 
20 
V 
-- 
_._- 
-- 


Reverse 
Recovery Time 
trr 
- 
4.0 
12 
~s 


(di/dt; 
25 AI ~s. IF; 
50 A) 
. 


Forward Turn·On 
Time 
ton 
0.3 
1.2 
~s 


(Compliance Voltage; 
50 V. IF; 
50 AI 
--- 
---_._-- 
.... _- 
.. _---_._.- 


Single 
Cycle Surge 
Current 
(60 Hz) 
IFSM 
- 
- 
500 
A 
--- 
-------- 
--- 
_._. - -_.__ . 


400 


200 
z 
:;;: 
'"....i 


100 


uc 
~ 
50 


r--.. 


TJ; 
1000~ 
..--l- N 
./ 
~ 
/ / V TJ; 
25°C 
\ 


/ 
~CE ~ 50 
~ 


50 
10 
20 
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500 


200 
z~ 100 
~ 
'" 
50 
13 
uc 
~ 
20 


10 


...••..• 
'1 


TJ ; 25~C 
'\ 


\ 


YCE ; 600 Y 


IIII 


10 
20 
50 
100 


IC. COLLECTOR CURRENT (AMPS) 


400 


z 
200 
~ 
....z 
'" 
100 
'"13 
uc 
:# 
50 


./ I- r--" 
II 


."\ 
YCE ; 
10 Y 


~ 
// 
YCE=2.0Y 
\ 


/ 
T~ ; ~5°IC 


50 
10 
20 


IC. COLLECTOR CURRENT IAMPSI 


FIGURE 4 - 
COLLECTOR 
SATURATION 
VOLTAGE. 
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FIGURE 
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BASE-EMITTER 
SATURATION 
VOLTAGE 
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FIGURE 
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TYPICAL 
TURN-ON 
SWITCHING 
TIMES 
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In 
resistive 
switching 
circuits. 
rise. 
fall. 
and 
storage 
times have been defined and apply to both current and 


voltage 
waveforms 
since 
they 
are 
In 
phase. 
However. 


for inductive loads which are common to SWITCHMODE 


power 
supplies 
and 
hammer 
drivers. 
current 
and 
voltage 


waveforms 
are not in phase. 
Therefore. 
separate 
measure- 


ments 
must 
be 
made 
on 
each 
waveform 
to determine 


the total switching 
time. For this reason. the follOWing 


new 
terms 
have 
been 
defined. 


tsv = Voltage Storage Time, 90% IS1 to 10 % VCEM 
trv = Voltage Rise Time, 10-90% 
VCEM 


tfi 
= Current Fall Time, 90-10% 
'CM 


tti 
= Current Tail, 10-2% 
'CM 


tc 
= Crossover Time, 10% VCEM to 10~o'CM 


An enlarged 
portion 
of the 
inductive 
switching 
waveform 


FIGURE 
11 - 
TYPICAL 
PEAK REVERSE 
BASE CURRENT 
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RBE' 
BASE·EMIITER 
RESISTANCE 
(OHMS) 


IS shown 
In 
Figure 
7 
to 
aid 
on 
the 
visual 
identity 
of 


these 
terms 


For 
the 
designer. 
there 
IS minimal 
sWitching 
loss 


during 
storage 
time 
and 
the 
predominant 
sWitching 


power 
losses 
occur 
during 
the 
crossover 
Interval 
and 
can 


be obtained using the standard equation from AN-222A: 


PSWT = 112 VCC'Cltclf 


In general. 
trv 
+ tfi 
--= 
tc. 
However. 
at lower 
test 
currents 


this 
relatIonship 
may 
not be valid 


As IS common 
with 
most 
switching 
tranSistors, 
resistive 
sWitching IS specified at 25°C and has become a bench- 


mark 
for 
deSIgners 
However. 
for 
deSigners 
of 
high 


frequency 
converter 
circuits. 
the 
user-oriented 
specifica- 


tions which make this a "SWITCH MODE" transistor are 


the 
inductive 
5wltchlrig 
speeds 
(lc 
and 
tsv) 
which 
are 
guaranteed at 100"C 
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in Figures 13 and 14 


_are specified for these devices under the test conditions 
shown. 
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SAFE 
OPERATING 
AREA 
INFORMATION 


FORWARD 
BIAS 


There are two limitations on the power handling ability 
of a transistor: average junction temperature 
and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e.. the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 


The data of Figure 13 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;, 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 
TJ(pk) may be calculated from the data in Figure 12. 


At high case temperatures. thermal 
limitations 
will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


For inductive 
loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing. load line shaping, etc. 
Thesafe levelfor these devices is specified asReverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified 
under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics. 


OVERLOAD 
SAFE 
OPERATING 
AREA 


The forward-bias safe operating area (FBSOA)specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fault conditions occur, these transistor specifications 
are not always adequate. A specification called overload 
safeoperating area(OLSOAIhas beendevelopedto describe 
the transistor's 
ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 


TYPE 
I OLSOA 
Type I OLSOA applies when maximum collector current 
is limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus• 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figure 16 depicts the Type I OLSOA rating for the 
MJ10050. Maximum allowable collector-emitter 
voltage 
versus collector current is plotted for several pulse widths. 
(pulse width is defined as the time lag between the fault 
condition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. Therefore. 
with bus voltage and maximum collector current known. 
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Adjust pulsed current 
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Notes: 


• 
Rep Rate~ 
10 Hz 


• 
Adjust 
Rl for desired 
IS 


• 
Pulse delay time at the 


generator 
determines 
pulse 
width 
at the device under test 
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TYPE I OLSOA 
(continued) 


Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 
Type I OLSOA is measured In a common-base circuit 
(Figure 18) which allows precise definition 
of collector- 


emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 


TYPE II OLSOA 


TypeII OLSOA applies when maximum collector current 
is not limited by circuit design. but is limited only by the 
gain of the transistor. Therefore. collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 


This information is normally base drive. bus voltage and 
time. In terms ofthe OLSOA curve. bus voltage is assumed 
to be worst-case collector-emitter voltage. and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter 
voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OLSOA, as 


shown in Figure 17, is measured in the circuit shown in 
Figure 19, and measurement is made as follows: 
Base 
current is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. Thedelay time is 
the variable on the Type II OLSOAcurve. The storage time 
of the transistor is thereby factored into the rating. 


There are several additional aspects to be considered 
regarding OLSOA. Thefirst consideration is that OLSOA is 
strictly a NONREPETlTlVErating. It is intended to describe 


the survivability 
of the: transistor 
during 
an accidental 
over- 


load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faults for which OLSOA is defined for the MJ10050 
is 
100 occurrences. Another factor is the form of turn-off 
bias. For the MJ10050. turn-off bias has relatively little 
effect on its OLSOA capability. This observation is valid 
from IB2 = 0 (sottlto VBE(off) = 5 V (stiff). 


OlSOA is subject to the same derating with temperature 


as normal FBSOA.The second breakdown derating curve is 
applied tothe allowable current at any given voltage. using 
the same procedure that is followed with pUI~edFBSOA. 


Designer's 
Data Sheet 


50 KVA HIGH SPEED SWITCH MODE TRANSISTOR 
50-Ampere Operating Current 


The MJ10051 
Darlington 
transistor 
is designed for industrial 
service 
under practical 
operating 
environments 
requiring 
fast 
switching 
speed for highly efficient 
systems operating 
at high 
frequency 
such as inverters, 
'PWM controllers 
a nd other high 
frequency system operating from 460 V lines. 


MECHANICAL 
RATINGS 


Rating 
Value 
Unit 


Mounting 
Torque 
(To heat sink with 
10-32 
Screw) 
20 
in.-Ib 
(Note 1) 


Lead Torque 
(Lead to bus with 
1/4-20 
Screw) 
20 
in.-Ib 
(Note 2) 


Per Unit Weight 
120 
grams 


Thermal 
Resistance, 
JUflction 
to Case,R8JC 


Mica 
Insulators 
available 
as separate 
items. 


0.003" 
thick. 
Motorola 
Part 
Number 
8123878001. 


0.006" 
thick. 
Motorola 
Part 
Number 
B12387BQ02 


Notes: 


1 
A ~elleville 
washer 
of 0.472" 
0.0 
.. 0.205," 
1.0 .. 0.024" 
thick 
and 
150 
pounds,f18t 
is 
recommended 
such as PIN AM1252Q6 
available 
from 
National 
Disc Spring 
Div.• 


385 Hillside Ave.. Hillside N.J. 07205. 


2. 
The lead torque 
should 
be limited 
to 20 in.-Ib. 
unsupported 
to prevent 
rotation 
of the terminal 


in the 
package. 
The 
torque 
may 
be increased 
to 50 
in.-Ib 
if 
support 
is used 
to prevent 


rotation. 
,The 
maximum' 
penetration 
of 
the 
screw 
should 
be 
limited 
to 
0.75 
..•. 


50 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 


750 
and 850 
VOLTS 
500 
WATTS 


The Designer's 
Data Sheet permits the design 
of most circuits 
entirely 
from 
the 
information 
presented. 
limit 
curves - 
representing 
bound~ 
aries on device characteristics 
- 
are given 
to 
facilitate 
;'worst 
case" design . 
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, 
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V~A 
1/4-2DUNCZI 


J 
i 
STYLE 1: 


~ 
=t 
PIN 1. 8ASE 
,c 
2. EMlnER 
.. 
s 
. . 
---r~J 
3. EMlnER 


E 
4. COLLECTOR 
~. COLLECTOR 
NOTES: 
1. DIMENSION A AND 8 ARE DATUMS. 


2. WIS 
SEATING PLANE. 


3. POSITIONAL 
TOLERANCE 
FOR 
MOUNTING HOLES: 


Itl. 
0.3610.014)@ITIA®18@1 


4. DIMENSIONING 
AND TOLERANCING 
PER ANSI YI4.~, 
1973. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
~3.09 
~3.84 
2.090 
2.120 
8 
~~.37 
~6.39 
2.180 
2.220 
C 
- 
26.67 
I.n~n 


D 
6.10 
6.60 
0.240 
0.260 
E 
6.60 
7.11 
0.260 
0.280 
F 
0.71 
0.81 
0.028 
0.032 
G 
43.31 
8SC 
1.70~ 8SC 
H 
12.~7 
12.82 
0.49~ 
O.~O~ 
J 
1.52 
1.62 
0.060 
0.064 


.K 
9.~0 
9.7~ 
0.374 
0.384 
L 
10.21 
10.46 
0.402 
0.412 
M 
18.92 
19.18 
O.74~ 
0.7~~ 
N 
23~7 
23.93 
0.932 
0.942 
P 
~.08 
~.21 
0.200 
0.20~ 
Q 
3.~3 
3.78 
0.139 
0.149 
R 
6.76 
7.26 
0.266 
0.286 
S 
14.73 
1~.24 
0.~80 
0.600 
V 
~.33 
~.84 
0.210 
0.230 
W 
6.40 
6.6~ 
0.2~2 
0.262 
X 
7.37 
.7.87 
0.290 
0.310 


ELECTRICAL 
RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
MJ10051 
VCEO 
850 
Vdc 


MJ1OO52 
750 


Collector-Emitter 
Voltage 
(R8E = 10 Ohms) 
VCER 
900 
Vdc 


Collector-8ase 
Voltage 
VC8 
900 
Vdc 


Emitter-Base 
Voltage 
VEB 
8.0 
Vdc 


Collector 
Current 
- 
Operating, 
TC = 125°C 
IC 
50 
A 


- 
Continuous. TC;;:25°C 
75 


- 
Peak Repetitive, 
TC = 25°C 
150 


- 
Peak Nonrepetitive, 
TC ;;:25°C 
250 


Base Current 
- 
Continuous 
IB 
50 
A 
- 
Peak Nonrepetitive 
100 


Total Device~Dissipation 
@Te;;: 25°C 
Po 
500 
Watts 


Derate 
above 
25°C 
4.0 
W/oC 


For '-minute 
overload 
667 
Watts 


Operating 
Junction 
and Storage 
Temperature 
Range 
TJ' Tstg 
-55 
to +1 50 
°c 
For l-minute 
overload 
-55 
to +200 


ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C 
unless 
otherwise 
noted) 


Characteristic 
Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(1) 
MJ10051 
VCEOlsus) 
850 
- 
- 
Vdc 
(lC = 250 
mAdc, 
IB = 0) 
MJ10052 
750 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 


(VCE = 900 
Vdc, VBEloff) 
= 1.5 Vdc) 
- 
- 
2.0 


(VCE = 900 
Vdc, VBEloff) 
= 1.5 Vdc, TC = 150°C) 
- 
- 
10 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
950 
mAde 
(VEB = 4.0 Vdc, IC = O) 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward-Biased 
FBSOA 
- 


Clamped 
Inductive 
SOA with 
Base Reverse-Biased 
RBSOA 
- 


Overload 
SOA 
OlSOA 
- 


DC Current 
Gain 
hFE 
(IC = 50 Adc, 
VCE = 5.0 Vdc) 
25 
- 
- 


(IC= 
50 A. VCE= 
10V) 
40 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 
(IC = 50 Adc, 
IB = 5.0 A) 
- 
- 
2.0 
(IC = 75 Adc, 
IB = 15 A) 
- 
- 
5.0 
(lC = 50 Adc, 
IB = 5.0 A, TC = 100°C) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBElsat) 
Vdc 
(IC = 50 Adc, 
IB = 5.0 Adc) 
- 
- 
3.0 
(lc = 50 Adc, 
IB = 5.0 Adc, 
TC = 100°C) 
- 
- 
30 


Output 
Capacitance 


(VCB = 10 Vdc, 
IE = 0, ftest 
= 1.0 kHz) 


ELECTRICAL 
CHARACTERISTICS 
IContinued)(Tc 
= 25°C 
unless 
otherwise 
noted) 


Characteristic 
Symbol 


Resistive 
Load 


Delay Time 
IVCC = 300 
Vdc, 
IC = 50 A, ISl 
= 5.0 A, 
td 
- 
003 
0.25 
"s 
Rise Time 
tr 
- 
1.2 
5.0 
"s 
Storage 
Ti~e 
VSEloff) 
= 5.0 V, tp = 50 "s, 
ts 
- 
3.3 
10 
"s 
Fall Time 
Duty 
Cycle';; 
2.0%) 
tf 
1.5 
5.0 
"s 
Inductive load. 
Clamped 


Storage 
Time 
(lCM 
= 50 A, 
TJ= 
100°C 
tsv 
- 
5.0 
15 
"s 
Crossover 
Time 
te 
3.0 
10 
"s 
Storage 
Time 
VCEM 
= 300 
V, VSE(off) 
= 5.0 V, 
tsv 
3.5 
10 
"s 
Crossover 
Time 
ISI 
= 50 
A) 
TJ = 25°C 
tc 
1.5 
50 
"s 


Power 
Dissipation 
(lB = 0) 
Po 
- 
- 
250 
W 


Forward 
Voltage 
11) (IF = 50 A) 
VF 
- 
2.7 
5.0 
V 


Reverse 
Recovery 
Time* 
trr 
- 
0.2 
1.0 
"s 
Idi/dt 
= 50 AI "s, 
IF = 50 A, VSE(off) 
= 5.0 V) 


Forward 
Turn-On 
Time 
ton 
- 
0.1 
10 
"s 
(Compliance 
Voltage 
= 50 V, IF = 50 A) 


Single 
Cycle 
Surge 
Current 
(60 
Hz) 
IFSM 
- 
- 
500 
A 


Reverse 
Recovery 
Current 
, 
IRMIREC) 
- 
70 
25 
A 
(IF = 50 A, di/dt 
= 50 AI "s) 


400 


200 
z~ 
>- 
~ 100 


13 
u 
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In resistive 
switching 
circuits, 
rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms 
since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and motor controls, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform 
to determine 
the total switching 
time. For this reason, the following 
new terms have been defined. 
tsv = Voltage Storage Time, 90% IB1 to 10% VCEM 
trv = Voltage Rise Time, 10-90% 
VCEM 
tfi 
= Current Fall Time, 90-10% 
ICM 
tti 
= Current Tail, 10-2% 
ICM 
tc 
= Crossover Time, 10% VCEM to 10% ICM 
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is shown 
in Figure 7 to aid on the visual 
identity 
of 
these terms. 
For the designer, 
there 
is minimal 
switching 
loss 
during 
~torage time and the predominant 
switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
PSWT = 1/2 Vcclc(tdf 
In general. trv + tfi = tc. However, at lower test currents 
this relationship 
may not be valid. 
As is common with most switching transistors, resistive 
switching 
is specified at 25°C and has become a bench- 
mark for designers. 
However, 
for designers 
of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCH MODE" transistor 
are 
the inductive 
switching 
speeds (tc and tsv) which 
are 
guaranteed at 100°C. 
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FORWARD 
BIAS 


There are two limitations 
on the power handling ability 
of a transistor: average junction temperature 
and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; 
i.e., the transistor 
must not be subjected 
to 
greater dissipation than the curves indicate. 


The data of Figure 13 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. 
Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 
TJ(pk) may be calculated from the data in Figure 20. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations 
imposed by second breakdown. 


REVERSE 
BIAS 
For inductive 
loads, high voltage 
and high current 
must be sustained simultaneouslyduring 
turn-off, in most 
cases, with the base to emitter junction 
reverse-biased. 


Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, Re snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition 
allowable during reverse-biased turn-off. 
This 
rating 
is verified 
under clamped conditions 
so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics. 


OVERLOAD 
SAFE OPERATING 
AREA 


The forward-bias safe operating area (FBSOA)specifica- 


tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 


cuit orfault 
conditions 
occur, 
these 
transistor 
specifications 
are not always adequate. A specification 
called overload 
safe operating area (OlSOA) has been developed to describe 
the transistor's 
ability to survive under fault conditions. 


OlSOA is specified under two types of conditions. 


TYPE I OLSOA 
Type I OlSOA applies when ma~im um collector current 
is limited and known. Agood example isa circuit where an 
inductor is inserted between the transistor 
and the bus, 
which limits the rate of rise of collector'current 
to a known 
value. If the transistor is then turned off within a specified 
amount oftime, the magnitude of collector current is also 
known. Figure 16 depicts the Type I OlSOA rating for the 
devices. 
Maximum 
allowable 
collector-emitter 
voltage 
versus collector current is plotted for several pulse widths. 
(Pulse width is defined as the time lag between the fault 
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TYPE I OlSOA lcontinuedl 


condition 
and the removal of base drive.) Storage time of 
the transistor 
has been factored into the curve. Therefore, 
with bus voltage and maximum collector current 
known, 


Figure 16definesthe 
maximum time which can be allowed 
for fault detection and shutdown 
of base drive. 


Type I OlSOA 
is measured 
in a common-base 
circuit 
(Figure 18) which 
allows precise definition 
of collector- 
emitter 
voltage and collector 
current. 
This is the same 
circuit that is used to measure forward-bias 
safe operating 
area. 


TYPE II OlSOA 


Type II OlSOA applies when maximum collector current 
is not limited 
by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OlSOA 
curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 


This information 
is normally base drive, bus voltage and 
time. In terms of the OlSOA curve, bus voltage is assumed 
to be worst-case 
collector-emitter 
voltage, and time is 
defined to be the same pulse width that was described for 
Type I OlSOA. 
Using these variables, maximum collector- 
emitter 
voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation 
is thus 


determined 
by the circuit parameters. Type II OlSOA, 
as 
shown in Figure 17, is measured in the circuit shown in' 
Figure 19, and measurement 
is made as follows: 
Base 
current 
is applied while the collector is open, allowing 
a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor 
triggers a delay function. 
At the 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OlSOA curve. The storage time 
of the transistor 
is thereby factored into the rating. 


There are several additional 
aspects to be considered 
regarding OlSOA. The first consideration 
is that OlSOA is 
strictly a NONREPETITIVErating. It is intended to describe 
the survivability of the transistor during an accidental over- 
load and is.not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faults for which OlSOA is defined for the devices are 100 
occurrences. 
Another 
factor is the form of turn-off 
bias. 


For the devices, turn-off 
bias has relatively little effect on 
its OlSOAcapability. 
Thisobservation 
isvalid from IB2 = 0 
(soft) to VBE(off) = 5 V (stiff). 
OlSOA is subject to the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 
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Designer's 
Data Sheet 


50 
KVA 
SWITCHMODE 
TRANSISTOR 
1OO-Amllere 
Operating 
Current 


The MJ10100 
Darlington transistor 
is designed for industrial 
service under practical operating environments 
found in switching 


high power inductive loads off 230-Volt lines. 


Mounting 
Torque (To heat sink with 
10-32 Screw) 


{Note I} 
--------------- 


Lead Torque (Lead to bus with 
1/4·20 
Screw) 
{Note 21 


Value 
Unit 


20 
In -Ib 


20 
rn-Ib 


120 
grams 


025 
I 
°C/W 
Thermal 
Resistance. 
JuncIlon to Case,ROJC 


Mica Insulato"rs available 
as separate 
Items 


0003- 
thick 
Motorola Part Number 14AS6 123876001 
0006- 
thick. M%rola 
Part Number 14AS6 123876002 


Notes: 


A Belleville washer of 0 472~ 0 0 .a 205-' 
0 .0024' 
thick and 150 pounds lIallS 


recommended 


The lead torque should be limited to 20 In -lb. unsupported 
10prevent rOlallon 
of the 


termlnal,n 
the package The torque may be Increased 1050 In ·lb If support ISused to 


prevent rotalion The maxImum 
penetration of the screw should b~ limited toO 75" 


100 AMPERE 
NPN SILICON 
POWER 
DARLINGTON 
TRANSISTOR 


450 
VOLTS 
500 
WATTS 


The Designer's 
Data Sheet permits 
the design of most Circuits entirely from 
the Information 
presented 
Limit data- 


representing 
device 
characteristiCS 
boundaries-are 
given 
to facilitate 


"worst-case" 
design 
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SEATING PLANE. 
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MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
53.09 
53.84 
2.090 
2.120 
B 
55:37 
5639 
i 180 
2220 
C 
-- 
26.67 
- 
1.050 


o 
6:-, 0 
6.611 
0.240 
0.260 


E 
6.60 
7.1 t 
IU~ 
0.280 


F 
07t 
0:81 
0.D28 
0.032 


G 
43:31 
8SC 
-1To58SC 
Ii 
1157 ,.i]l 
-0~495 
0.505 


T 
ill 
-1:62 
0.060 
0.064 
K 
-9.50 
9.75 
0.374 
0.384 


L 
lill 
-10.46 
0.402 
0.4t2 


M 
1892 
t9.18 
0.745 
0755 
N 
23.67 
2393 
0.932 
0.942 
P 
5:08 
521 
0.200 
0205 
Q 
3.53 
V8 
0T39 
0.149 


R 
6.76 
726 
0.266 
0.286 
S 
14.73 
15.24 
0.580 
0.600 
v 
5.33 
5:84 
0.210 
0.230 
W 
·540 
6.65 
0.252 
0262 
X 
T3f 
}.87 
0.290 
0.310 
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Symbol 
Value 
Unit 


VCEO 
450 
Vde 
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VCER 
500 
Vde 


VCS 
500 
Vde 
-----~ --- 


VES 
SO 
Vde 
- 
-- 
._.- - ----_.- 
-- 


IC 
100 
A 
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300 
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--- - ._-.- -- .._-------- 
-- 
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A 
100 


-- 
-~- •.._~- 
------------- ------ 


Po 
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Watts 
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-_.~. ._---_ .. __ .._- 
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Collector Current 
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OFF CHARACTERISTICS 


Collector-Emitter 
Sustaining 
Voltage (1) 
(lC = 250 mAde, IS ~ 0) 


Collector Cutoff Current 


IVCE = 500 Vde, VSEloff) = 1.5 Vde) 
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Cutoff Current 
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DC Current 
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Voltage 
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IC = 150 Ade, IS = 12 A) 
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A, TC = 100°C) 


Base·Emitter 
Saturation 
Voltage 


IIC = 100 Ade, 'S = 3.3 Adel 
IIC = 100 Ade, IB = 3.3 Ade, Tc = 1000C) 
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FIGURE 
5 - 
BASE-EMITTER 
SATURATION 
VOLTAGE 
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TABLE 
1 - 
TEST CONOITIONS 
FOR DYNAMIC 
PERFORMANCE 


RBSOA AND INDUCTlVE'SWITCHING 
,.~: 


1., ~j", 
•••• 
to 
Ob'.i •• m. forcM 
"FE ~;'ed 


Ute 
,nductl'" 
,wItch in_ 


circu't 
•• 
the 
.ftPwtto 
Ih.' •• i.'i••.•_tclteuit. 


Vcc" 
250 
V 


RL - 
2511 


1'",1. Width •• 25 ~. 


r 
I 
I 
I 
I Leoll 


SM 
Abo"e 
fo, 
l 
J 


Oet,lIed 
CO"d~t'on. 
v, 
_ 
_ 
v· 
c,,",p_ 
- 
cc 


:2 
-::'" 
AS. 
0.1 n 


T•• t EQu,pmenl 


Scope 
- 
T.II1<on,. 
.15 O' Eou,,,,I,,,, 


In 
resistive 
switching 
circuits, 
rise. 
fall. 
and 
storage 
times have been defined and apply to both current and 


voltage 
waveforms 
since 
they 
are 
in 
phase. 
However, 


for inductive loads which are common to SWITCHMODE 


power 
supplies 
and 
motor 
controls. 
current 
and 
voltage 
waveforms are not in phase. Therefore. separate measure- 


ments 
must 
be 
made 
on 
each 
waveform 
to determine 
the total switching 
time. For this reason, the following 
new terms have been defined. 


tsv = Voltage Storage Time, 90% '61 to 10 % VCEM 
trv = Voltage Rise Time, 10-90% 
VCEM 
tfi 
= Current Fall Time, 90-10% 
'CM 
tti 
= Current Tail, 10-2% 
'CM 
tc 
= Crossover Time, 10% VCEM to 10% 'CM 


An enlarged portion of the inductive switching waveform 


FIGURE 
11 - 
PEAK REVERSE 
BASE CURRENT 
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RBE, 
BASE·EMITIER RESISTANCE (OHMS' 


is shown in Figure 7 to aid on the visual identity of 


these 
terms. 


For 
the 
designer, 
there 
is minimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses 
occur 
during 
the 
crossover 
interval 
and 
can 
be obtained using the standard equation from AN-222A: 


PSWT= 1/2 Vcc'c(tdf 
In general. 
trv + tfi = tc- However, 
at lower 
test 
currents 


this 
relationship 
may 
not be valid. 


As is common 
wIth 
most 
switching 
tranSistors. 
resistive 
switching ,s specified at 25°C and has become a bench- 
mark for designers. 
However, 
for designers 
of high 


frequency 
converter 
circuits, 
the 
user-oriented 
specifica- 


tions which make this a "SWITCH MODE" transistor are 
the inductive sw,tching 
speeds (tc and tsvl which are 
guaranteed at 100°C. 
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SAFE 
OPERATING 
AREA 
INFORMATION 


FORWARD 
BIAS 


There 
are 
two 
limitations 
on the 
power 
handling 
ability 


of a transistor: 
average 
junction 
temperature 
and 
second 


breakdown. 
Safe operating 
area curves 
indicate 
IC-VCE 


limits 
of the transistor 
that 
must 
be observed 
for reliable 


operation; 
i.e., 
the 
transistor 
must 
not 
be 
subjected 
to 


greater 
dissipation 
than 
the 
curves 
indicate. 


The 
data 
of 
Figure 
13 
is based 
on 
TC = 25°C; 
TJ(pk) 
is va"able 
depending 
on power 
level. 
Second 
breakdown 


pulse 
limits 
are valid 
for duty 
cycles 
to 10% but 
must 
be 


derated 
when 
TC? 
25°C. 
Second 
breakdown 
limitations 


do not derate 
the same 
as thermal 
limitations. 
Allowable 


current 
at the voltages 
shown 
on Figure 
13 may be found 


at any case temperature 
by using 
the appropriate 
curve 
on 


Figure 
15. 


TJ(pk) 
may 
be calculated 
from 
the 
data 
in 
Figure 
12. 


At high case temperatures. 
thermal 
limitations 
will 
reduce 


the 
power 
that 
can 
be handled 
to values 
less 
than 
the 


limitations 
imposed 
by second 
breakdown 


REVERSE 
BIAS 


For 
inductive 
loads. 
high 
voltage 
and 
high 
current 


must 
be sustained 
simultaneously 
during 
turn-off, 
in most 


cases, 
with 
the 
base 
to emitter 
junction 
reverse 
biased. 


Under 
these 
conditions 
the collector 
voltage 
must 
be held 


to a safe 
level 
at 
or below 
a specific 
value 
of collector 


current. 
This can be accomplished 
by several 
means 
such 


as active 
clamping. 
RC snubbing. 
load 
line 
shaping. 
etc. 


The safe level for these 
devices 
is specified 
as Reverse-Bias 


Safe 
Operating 
Area 
and 
represents 
the 
voltage-current 


condition 
allowable 
'during 
reverse-biased 
turn-off. 
This 


rating 
is verified 
under 
clamped 
conditions 
so that 
the 


device 
is never 
subjected 
to an avalanche 
mode. 
Figure 
14 


gives 
the 
RBSOA 
characteristics. 


OVERLOAD 
SAFE 
OPERATING 
AREA 


The forward-bias 
safe operating 
area (F.BSOA) specifica- 


tion 
given 
in Figure 
13 
adequately 
describes 
transistor 


capability 
for normal 
repetitive 
operation. 
When 
short 
cir- 


cuit or fault 
conditions 
occur, 
these 
transistor 
specifications 


are 
not always 
adequate. 
A specification 
called 
overload 


safe operating 
area (OLSOA) 
has been developed 
to describe 


the 
transistor's 
ability 
to survive 
under 
fault 
conditions 


OLSOA 
is specified 
under 
two 
types 
of conditions. 


TYPE 
I OLSOA 


Type I OLSOA 
applies 
when 
maximum 
collector 
current 


is limited 
and known. 
A good example 
is a circuit 
where 
an 


inductor 
is Inserted 
between 
the 
transistor 
and 
the 
bus, 


which 
limits 
the 
rate 
of rise of collector 
current 
to a known 


value. 
If the transistor 
is then 
turned 
off within 
a specified 


amount 
of time, 
the 
magnitude 
of collector 
current 
is also 


known. 
Figure 
16 depicts 
the Type I OLSOA 
rating 
for the 


MJ1 01 00. 
Maximum 
allowable 
collector-emitter 
voltage 


versus 
collector 
current 
is plotted 
for several 
pulse 
widths. 


(pulse 
width 
is defined 
as the time 
lag between 
the fault 


condition 
and the 
removal 
of base drive.) 
Storage 
time 
of 


the transistor 
has been 
factored 
into the curve. 
Therefore, 


with 
bus voltage 
and 
maximum 
collector 
current 
known, 
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• 
Adjust 
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IB 


• 
Pulse delay time at the 
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pulse 


Width at the device under test 
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TYPE I OlSOA 
(continued) 


Figure 
15defines 
the maximum 
time 
which 
can be allowed 
for fault detection and shutdown of base drive. 


Type 
I OlSOA 
is measured 
in a common-base 
circuit 
(Figure i 8) which allows precise definition 
of collector- 


emitter 
voltage 
and 
collector 
current. 
This 
is the 
same 


circuit 
that 
is used to measure 
forward-bias 
safe operating 


area. 


TYPE !I OlSOA 
TypeII OLSOAapplies when maximum collector current 
is not limited by circuit design, but is limited only by the 


gain 
of the transistor. 
Therefore. 
collector 
current 
does not 
appear on the Type II OLSOA curve This curve defines a 


safe region 
of operation 
from 
the information 
that 
is usually 


available 
to the 
designer 


This 
information 
is normally 
base drive. 
bus voltage 
and 
time. In terms of the OLSOA curve, bus voltage is assumed 


to be 
worst-case 
collector-emitter 
voltage. 
and 
time 
is 
defined to be the same pulse Width that was described for 
Type I OLSOA. Using these variables, maximum collector- 


emitter 
voltage 
versus 
base 
drive 
is plotted 
for 
several 


values 
of pulse 
width. 
A safe 
region 
of operation 
is thus 
determined by the circuit parameters. ·TypeII OLSOA. as 


shown 
in Figure 
17. 
is measured 
in the 
circuit 
shown 
in 
Figure 19, and measurement is made as follows: 
8ase 
current is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OLSOAcurve. The storage time 
of the transistor is thereby factored into the rating. 
There are several additional aspects to be considered 
regarding OLSOA. Thefirst consideration is that OLSOA is 
strictly a NONREPETITIVErating. It is intet'ded to describe 


the survivability 
of the transistor 
during 
an accidental 
over- 
load and is not intended to describe a stress level which 


can be sustained 
indefinitely. 
The number 
of nonrepetitive 
faults for which OLSOA is defined for the MJ10100 
is 
100 OCcurrences. Another factor is the form of turn-off 
bias. For the MJ10100, 
turn-off bias has relatively little 
effect on its OLSOA capability. This observation is valid 
from IB2 = 0 (soft) to V8E(Qff) = 5 V (stiff). 
. 


OLSOA is subject to the same derating with temperature 
as normal FBSOA.The second breakdown derating curve is 
applied tothe allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 
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Designer's Data Sheet 


50 KVA HIGH SPEED SWITCH MODE TRANSISTOR 
100-Ampere Operating Current 


The MJ1 0101 Darlington transistor 
is designed for industrial 
service under practical 
operating environments 
requiring 
fast 
switching 
speed for highly efficient 
systems operati ng at high 
frequency 
such as inverters, 
PWM controllers 
and other high 
frequency systems operating from 230 V lines. 


Mechanical Ratings 


Rating 
Value 
Unit 


Mounting 
Torque (To heat sink with 
10·32 Screw) 
20 
in.·lb 
(Nole 
I) 


lead 
Torque (Lead to bus with 
1/4-20 
Screwl 
20 
in.-Ib 
(Nole 
2) 


Per Unit Weight 
120 
grams 


Thermal 
Resistance. 
Junction 
to Case,R6JC 


Mica Insulators 
available 
as separate 
items. 


0.003"' 
thick. 
Motorola 
Part 
Number 
8123878001. 


0.006"' 
thick. 
Motorola 
Part 
Number 
8123878002. 


Note.: 


,. 
A Belleville 
washer 
of 0.472" 
0.0 
.• 0.205"' 
1.0 .. 0.024'" 
thick 
and 
150 
pounds 
flat 
is 


recommended 
such 
as PIN 
AM 125206 
available 
from 
National 
Disc 
Spring 
Div .• 


385 
Hillside 
Ave., 
Hillside 
N.J. 07205. 


2. The lead torque should be limited to 20 in.-Ib. 
unsupported to prevent rotation of the terminal 
in the package.The torque may be increasedto 50 in.·lb if support is usedto prevent 
rotation. The maximum penetration of the screw should be limited to 0.75.•.. 


MJI0I01 
MJI0I02 


100 AMPERE 
NPN SILICON 
POWER 
DARLINGTON 
TRANSISTOR 


350 
and 450 
VOLTS 
500 
WATTS 


The Designer's 
Data Sheet 
permits 
the design of most circuits entirely from 
the Information 
presented. limit 
data- 
representing 
device 
characteristics 
boundaries-are 
given 
to facilitate 


"worst-case" 
design . 


. 
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V 
A 
1/4-20 UNC2I 
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j 
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F:-t 
PIN 1. 8ASE 
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c 
2. EMITIER 
s 
-T j 
3. EMITIER 


E 
4. COLLECTOR 
5. COLLECTO R 
NOTES: 


1. OIMENSION A ANO 8 ARE OATUMS. 


2.WISSEATING 
PLANE. 


3. POSITIONAL 
TOLERANCE 
FOR 
MOUNTING HOLES: 


l.-It 
036 
(001411M2ITIA®1 
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MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 
A 
53.09 
53.84 
2.090 
2.120 
8 
55.37 
56.39 
2.180 
2.220 
C 
26.67 
1.050 
0 
6.10 
6.60 
0.240 
0.260 
E 
6.60 
7.11 
0.260 
0.280 
F 
0.71 
0.81 
0.028 
0.032 
G 
43.31 8SC 
1.7058SC 
H 
12.57 
12.82 
0.495 
0.505 
J 
1.52 
1.62 
0.060 
0.1164 
K 
9.50 
9.75 
0.374 
0.384 
L 
10.21 
10.46 
0.402 
0.412 
M 
18.92 
19.18 
0.745 
0.755 
N 
23.67 
23.93 
0.932 
0.942 
p 
5.08 
5.21 
0.200 
0.205 
Q 
3.53 
3.78 
0.139 
0.149 
R 
6.76 
7.26 
0.266 
0.286 
S 
14.73 
15.24 
0.580 
0.600 
v 
5.33 
5.84 
0.210 
0.230 
W 
6.40 
6.65 
0.252 
0.262 
X 
7.37 
7.87 
0.290 
0.310 


Electrical 
Ratings 


Rating 
Symbol 
Value 
Unit 


Collector~Emitter 
Voltage 
MJ10101 
VCEO 
450 
Vdc 
MJ10102 
350 


Collector-Emitter 
Voltage 
(RBE = 10 Ohms) 
VCER 
500 
Vdc 


Collector-Base 
Voltage 
VCB 
500 
Vdc 


Emitter-Base 
Voltage 
VEB 
B.O 
Vdc 


Collector 
Current 
- 
Operating. 
TC = B7.5°C 
IC 
100 
A 
- 
Continuous. Tc:; 25°C 
150 


- 
Peak Repetitive. 
TC = 25°C 
300 


- 
Peak Nonrepetitive. 
TC = 25°C 
500 


Base Current 
- 
Continuous 
IB 
50 
A 


- 
Peak Nonrepetitive 
. 
100 


Total Device 
Dissipation 
@ TC = 25°C 
Po 
500 
Watts 


Derate 
above 25°C 
4.0 
W/oC 


For l-minute 
overload 
667 
Watts 


Operating 
Junction 
and Storage 
Temperature 
Range 
TJ. Tstg 
-55 
to +150 
°c 
For l-minute 
overload 
-55 
to +200 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C unless 
otherwise 
noted) 


Characteristic 
Symbol 


Collector-Emitter 
Sustaining 
Voltage (1) 
MJ10l01 
VCEO(sus) 
450 
- 
- 
Vdc 


(IC = 250 
mAde. 
IB = 01 
MJ10l02 
350 


Collector 
Cutoff 
Current 
ICEV 
mAde 


(VCE = 500 Vdc. VBE(off) = 1.5 Vdcl 
- 
- 
2.0 


(VCE = 500 Vdc. VBE(off) = 1.5 Vdc. TC = 150°C) 
- 
- 
10 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
5.0 
mAdc 


(VEB = 4.0 Vdc. IC = 0) 


Second 
Br~akdown 
Collector 
Current 
with 
Base Forward-Biased 
FBSOA 
See Figure 
13 


Clamped 
Inductive 
SOA with 
Base Reverse-Biased 
RBSOA 
See Figure 
14 


Overload 
SOA 
OlSOA 
See Figures 
16 and 17 


DC Current 
Gain 
hFE 
(lc = 100 Adc. VCE = 5.0 Vdc) 
50 
- 
- 


(lC= 
100A. 
VCE= 
10V) 
60 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
Vdc 
(lC = 100 Adc. lB = 3.3 AI 
- 
- 
2.0 
IC = 150 Adc. IB = 12 A) 
- 
- 
3.3 
(lc = 100 Adc.IB 
= 3.3 A. TC = 100°C) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBE(sat) 
Vdc 
(IC = 100 Adc. IB = 3.3 Adc) 
- 
- 
3.0 


(IC = 100 Adc. IB = 3.3 Adc. TC = loo°Cl 
- 
- 
3.0 


ELECTRICAL 
CHARACTERISTICS 
IConlinued) (TC; 25°C unless olherwise nOled) 


Characteristic 
I 
Symbol 
I 
Min 


SWITCHING CHARACTERISTICS 


RAAiAtive Load 


Delay Time 
(VCC; 250 Vdc, IC; 100 A, IBI ; 3.3 A, 
Id 
- 
0.03 
0.25 
I'S 
Rise Time 
Ir 
0.9 
3.0 
I's 


Storage 
Time 
VBE(off); 5.0 V, Ip ; 5Ol's 
Is 
1.5 
3.75 
I's 
Fall Time 
DUlyCycle';; 2.0%) 
If 
0.4 
1.25 
I's 


Storage 
Time 
(lCM; 100 A. VBElolO; 
TJ; 
100°C 
I<v 
- 
2.5 
7.5 
"s 
Crossover 
Time 
Ie 
O.B 
3.0 
I's 
Storage 
Time 
5.0 V, VCEM; 250 V 
Isv 
1.5 
3.75 
I's 
Crossover 
Time 
IBI ; 3.3 AI 
TJ; 
25°C 
Ie • 
0.5 
1.5 
I'S 


Power 
Dissipation 
(Is = 0) 
Po 
- 
- 
250 
W 


Forward Vollage (1)(IF; 
100 A) 
VF 
- 
1.7 
5.0 
V 


Reverse 
Recovery 
Current 
I 
(IF; l00A, 
IRM/recl 
- 
20 
50 
A 
Reverse 
Recovery 
Time 
Idi/dl; 
100 AIl's) 
Irr 
0.4 
1.0 
I'S 


Forward 
Turn-On 
Time 
Ion 
- 
0.1 
0.5 
I'S 
(Compliance Vollage; 
250 V, IF; 100 A) 


Single Cycle Surge Currenl160 Hz) 
IFSM 
- 
- 
500 
A 
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.".- 
r-... 


I 
I 
I 
I I 1/ 
I" 
- 
_ 
TJ; 
100°C 
- 
.".- 
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VTJ; 
25°C 
V 
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VCE; 
5.0 V 


z 
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FIGURE 4 - 
COLLECTOR SATURATION REGION 
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In resistive switching circuits, rise. fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and motor controls. current and voltage 
waveforms are not in phase. Therefore. separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 


tsv = Voltage Storage Time, 90% IBl to 10 % VCEM 
trv = Voltage Rise Time, 10-90% 
VCEM 
tfi 
='Current Fall Time, 90-10% 
ICM 
tti 
= Current Tail, 10-2% 
'CM 
tc 
= Crossover Time, 10% VCEM to 10% ICM 


An enlarged portion of the inductive switching waveform 
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VBE(off). 
BASE·EMITIER 
VOLTAGE (VOLTS) 


RESISTIVE 
SWITCHING 


TURN ON TIME 
18~: 


181 adjusted to 


obtain the forced 


hFE desired 


TUAN·OFF 
TIME 


Use 
inductive 
switching 


CIrcuit 
as 
the 
Inpul 
to 


the 
resistive 
test 
cirCUit 


Vcc" 
250 V 


Rl" 
2 5 U 


Pulse 
Width" 
25 
jJS 


is shown in Figure 7 to aid on the visual identity of 
these terms. 


For the designer, 
there is minimal 
switching 
loss 
during storage time and the predominant 
switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 


PSWT= 1/2 VCCIC(tc)f 
In general, trv + tfi = tc. However, at lower test currents 
this relationship may not be valid. 


As is common with most switching transistors. resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. 
However, 
for designers 
of high 
frequency converter circuits. the user-oriented 
specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching 
speeds (tc and tsv) which are 
guaranteed at 100°C. 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 


There are two limitations 
on the power handling ability 
of a transistor: average junction temperature 
and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor'that 
must be observed for reliable 
operation; 
i.e.. the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 
The data of Figure 13 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second !:lreakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown.limitations 
do not derate the same as thermal limitations. 
Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 


TJ(pk) may be calculated from the data in Figure 20. 


At high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations 
imposed by second breakdown. 


REVERSE BIAS 


For inductive 
loads. high voltage 
and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction 
reverse biased. 


Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RCsnubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. 
This 
rating is verified 
und~r clamped conditions 
so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics. 


OVERLOAD SAFE OPERATING AREA 


The forward-bias safe operating area (FBSOA)specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit orfaultconditions 
occur, these transistor specifications 
are not always adequate. A specification called overload 
safeoperating area (OlSOA) has been developedt<ldescribe 
the transistor's 
ability to survive under fault conditions. 


OlSOA is specified under two types of conditions. 


TYPE I OLSOA 


Type I OlSOA applies when maximum collector current 
is limited and known. A good example is a circuit where an 
inductor is inserted between the transistor 
and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figure 16 depicts the Type I OlSOA rating for the 
MJ1 01 01. Maximum allowable collector-emitter 
voltage 
versus collector current is plotted for several pulse widths. 
(Pulse width is defined as the time lag between the fault 
condition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. Therefore, 
with bus voltage and maximum collector current known, 
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TYPE I OlSOA 
(continued) 


Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 
Type I OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition 
of collector- 
emitter 
voltage and collector current. This is the sa'!'e 
circuit that is used to measure forward-bias safe operating 
area. 


TYPE 11OlSOA 
Type IIOLSOAapplies when maximum collector current 
is not limited by circuit design, but is limited only by the 
gain olthe transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 


This information is normally base drive, bus voltage and 
time. In terms of the OLSOA curve, bus voltage is assumed 
to be worst-case 
collector-eminer 
voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
eminer 
voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OLSOA. as 


shown in Figure 17. is measured in the circuit shown in 
Figure 19, and measurement 
is made as follows: 
Base 
current is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OLSOAcurve. The storage time 
of the transistor is thereby factored into the rating. 
There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA is 
strictly a NONREPETITIVErating. It is intended todescribe 
the survivability of the transistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number-of nonrepetitive 
faults for which OLSOA is defined for the MJ1 01 01 is 
100 occurrences. Another factor is the form of turn-off 
bias. For the MJ1 01 01, turn-off 
bias has relatively little 
effect on its OLSOA capability. This observation is valid 
from 'B2 = 0 (soft) to VBE(off) = 5 V (stiff). 
OLSOA is subject to the same derating with temperature 
as normal FBSOA.The second breakdown derating curve is 
applied tothe allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 
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Designer's Data Sheet 


50 KVA SWITCHMODE.TRANSISTOR 


200-Ampere 
Operating 
Current 


The 
MJ 10200 
Darlington 
transistor 
is designed 
for 
industrial 


service under practical operating environments found in switching 


high 
power 
inductive 
loads 
off 
120-Volt 
lines. 


200 AMPERE 
NPN SILICON 
POWER 
DARLINGTON 
TRANSISTOR 


250 
VOLTS 
500 
WATTS 


4y 


• Emitter-Collector 
Diode is a high power diode. 


Mechanical 
Ratings 
-- 


Rating 
Value 
Unit 


Mounting 
Torque (To heat sink wIth 
10-32 Screw) 
20 
,n -Ib 
(Note 1) 


Lead Torque (Lead to bus wIth 
1/4-20 
Screw) 
20 
,n ·10 
(Note 2) 


Per Unit Weight 
120 
grams 


Thermal 
Resistance, 
Junction to Case.AnJC 


Mica Insulators 
available 
as-separate 
Items 
0.003- 
th,ck. Motorola 
Part Number 
14ASBl 
23B7BOOI 
0.006- 
th,ck 
Motorola 
Part Number 
14ASBl 
23B7B002 


Notes: 


1 
A Bellev,lIe 
washer 
of 0472- 
O.D .0 20S-1 D .0024 
-th,ck 
and 1SOpounds flat os 


recommended 


2. The lead torque should be limited to 20 In -lb. unsupported 
to prevent rotatIon of the 


termmalm 
the package The torque may be Increased to 50 In -lb ,f support ISused to 


prevent rotatIon. The maxImum penetratIon 
of the screw should be lImIted to O.75" 


The Deslgner·s 
Data Sheet 
permits 
the design of most CIrcuIts entIrely from 
the informatIon 
presented 
LimIt data- 
representing 
deVice 
characteristics 
boundarIes-are 
gIven 
to facilitate 
"worst-case·· 
deSIgn 
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NOTES' 


1 OIMENSION A ANO BARE OATUMS. 
2 WIS 
SEATING PLANE. 


3. POSITIONAL TOLERANCE 
FOR 


MOUNTING HOLES' 


fI[036 
(00141eJ 
TIA®I 
Bel 


MIlliMETERS 


MIN 
MAX 
5309 
53.B4 
55.37 
56.39 
26.67 
6.10 
6.60 


6.60 
7.11 
0.11 
O.Bl 
43.31 BSC 
12.57 
lfB2 


1.52 
-1.62 


9.50 
9.75 
1011 
to.46 


IB92 
t9.1B 
2367 
23.93 


-\:08 
-s:21 


353 
31B 
616 
7.26 
1473 
"524 
5"TI 
-584 


6"40 
6.65 


-737 
_[]7 


INCHES 


MIN 
MAX 
2.090 
2.120 
2.180 
2.220 


- 
t.050 


0140 
0.260 
0.260 
0.280 
0.Q28 
0.032 
t.705 BSC 
0.495 
0.505 
0.060 
0.064 
0.374 
0.384 
0.402 
0.412 


0.745 
0.755 
0.932 
0942 


-0200 
0.205 
O.t39 
0149 
0266 
0286 
0580 
0600 
0210 
0230 
0252 
0262 


jP~ 
0310 


Electrical 
Ratings 
, 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEO 
250 
Vdc 


Collector-Emitter 
Voltage 
(RBE = 10 Ohmsl 
VCER 
300 
Vdc 


Collector-Base 
Voltage 
VCB 
300 
Vdc 


Emitter-Base 
Voltage 
VEB 
8.0 
Vdc 


Collector 
Current 
- 
Operating, 
TC ::.SO°C 
IC 
200 
A 


- 
Continuous, 
TC ::.25°C 
300 


- 
Peak Repetitive. 
TC = 25°C 
600 


- 
Peak Nonrepetitlve. 
TC = 25°C 
1000 


Base Current - 
Conllnuous 
\B 
50 
A 


- 
Peak Nonrepetitlve 
100 


Total Device Dissipatlon@Te::. 
25°C 
Po 
500 
Watts 
Derate 
above 25°C 
4.0 
W/oC 


For '·minute 
overload 
667 
Watts 


Operating 
Junction 
and Storage 
Temperature 
Range 
TJ. TSt9 
-55 
to +150 
°c 
For '·minute 
overload 
-55 
to 200 


ELECTRICAL CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
noted) 
L 
Characteristic 
----'[--S-y-m-b-O-I-,,--M-;n---.--T-yp--.--M'.-X-.,.---U-n-j-t-::J 


OFF CHARACTERISTICS 


-- 
--- 
-- 


Collector-Emitter 
Sustalnmg 
Voltage (1) 
VCEOlsus) 
250 
- 
- 
Vde 
(lC = 250 mAde. IB = O) 
-- 


Collector Cutoff Current 
ICEV 
mAde 
(VCE = 300 Vdc. VBEloff) 
= 1.5 Vdc) 
- 
- 
20 
(VCE = 300 Vdc. VBE(offl 
= 1.5 Vdc. TC = 1500CI 
- 
- 
10 


Collector Cutoff Current 
ICER 
- 
- 
10 
mAde 
(VCE = 300 Vdc. RBE = 10 U. TC = 100°C) 


Emitter Cutoff Current 
lEBO 
- 
- 
650 
mAde 
(VEB = 4.0 Vdc. IC = 01 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward-Biased 
FBSOA 
See Figure' 
3 


Clamped 
Inductive 
SOA With Base Reverse-BIased 
R8S0A 
5ee Figure 
14 


Overload 
SOA 
OLSOA 
See Figures 
16 and 17 


- 
-- 


DC Current 
Gain 
hFE 
(IC = 200 Adc. VCE = 5.0 Vdc) 
75 
- 
- 
- 


(IC = 200 A. VCE = 10 V) 
90 
- 
- 
I 
- 
-- 


Collector-Emitter 
Saturatlon 
Voltage 
VCE(Sal) 
Vde 
(IC = 200 Adc. IB = 5.5 AI 
- 
- 
2.0 
(lc = 200 Adc. IB = 5.5 A. TC = l00°Cl 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBE(satl 
Vde 
(IC = 200 Adc. IB = 5.5 Adc) 
- 
- 
3.5 
(IC = 200 Adc. IB = 5.5 Adc. TC = l00°Cl 
- 
- 
35 
-- 


ELECTRICAL CHARACTERISTICS 
(Continued) 
(Tc = 25°C unless olherwlse 
nOled) 


Characteristic 
Symbol 


SWITCHING 
CHARACTERISTICS 


Resistive 
Load 


Delay Time 
(VCC = 150 Vdc. Ie = 200 A. IBl 
= 5.5 A. 
tn 
- 
0035 
025 
~s 


Rise Time 
Ir 
- 
1.2 
4.0 
~s 
Storage Time 
RBE = 10 n. tp = 50 ~s. 
ts 
- 
6.3 
20 
~s 


Fall Time 
DUlY Cycle"; 
2.0%) 
If 
- 
25 
8.0 
~s 


Inductive 
Load. Clamped 


Storage TIme 
(ICM = 200 A. 
TJ= 100°C 
tsv 
- 
9.0 
30 
~s 
Crossover Time 
Ie 
33 
12 
~s 


Storage TIme 
VCEM = 150 V. RBE = 10 I!. 
Isv 
65 
20 
~s 
Crossover Time 
181 = 5.5 A) 
TJ=25°C 
Ie 
- 
23 
80 
~s 


---- 


Power DIssipation 
(IB = 0) 
Po 
- 
--_._- 
----- 


Forward 
Voltage (11 (IF = 200 AI 
VF 
- 
----- 
---- 


Reverse 
Recovery 
T,me 
trr 
- 


(d,/d, 
= 25 A/~s. 
IF = 200 AI 


Forward 
Turn-On 
TIme 
'on 


(Compliance 
Voltage = 250 V. IF = 100 A) 
-_.- 
- 
-- 
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Smgle Cycle Surge Current 
(f = 60 Hz) 
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~- 
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FIGURE 
4 - 
COLLECTOR 
SATUR'ATION 
REGION 
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FIGURE 
5 - 
BASE-EMITTER 
SATURATION 
VOLTAGE 
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FIGURE 
B - 
TYPICAL INDUCTIVE 
SWITCHING 
TIMES 
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In 
resistive 
switching 
circuits, 
rise, 
fall, 
and 
storage 
times have been defined and apply to both current and 


voltage 
waveforms 
since 
they 
are 
in 
phase. 
However, 


for inductive loads which are common to SWITCHMODE 


power 
supplies 
and 
motor 
controls, 
current 
and 
voltage 


waveforms 
are not in phase. 
Therefore, 
separate 
measure- 


ments 
must 
be 
made 
on 
each 
waveform 
to determine 
the total switching time. For this reason, the follOWing 


new 
terms 
have 
been 
defined. 


tsv = Voltage Storage Time, 90% IS1 to 10 % VCEM 
trv = Voltage Rise Time, 10-90% 
VCEM 
tfi 
= Current Fall Time, 90-10% 
ICM 
tti 
= Current Tail, 10-2% 
ICM 
tc 
= Crossover Time, 10% VCEM to 10% 'CM 
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is 
shown 
In 
Figure 
7 
to 
aid 
on 
the 
visual 
identity 
of 


these 
terms. 


For 
the 
designer, 
there 
IS minimal 
sWitching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses 
occur 
during 
the 
crossover 
Interval 
and 
can 
be obtained uSing the standard equal Ion from AN-222A: 
PSWT= 1/2 VCCIC(tc!f 


In general, 
trv 
+ tfi ~ 
tc. However, 
at lower 
test 
currents 
this relationship may not be valid. 


As IS common 
With 
most 
sWitching 
tranSistors, 
resistive 
sWitching ISspecified at 25°C and has become a bench- 


mark 
for 
designers. 
However, 
for 
designers 
of 
high 


frequency 
converter 
circuits, 
the 
user-oriented 
specifica- 


tions which make this a "SWITCHMODE" transistor are 
the inductive switching 
speeds (tc and tsv) which 
are 
guaranteed at 100°C. 
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SAFE OPERATING 
AREA INFORMATION 


FORWARD 
BIAS 


There are two limitations on the power handling ability 
of a transistor: average junction temperature 
and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e.. the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 


The data of Figure 13 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 


TJ(pk) may be calculated from the data in Figure 12. 


At high case temperatures. thermal limitations will red~ce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE 
BIAS 


For inductive 
loads. high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such' 
as active clamping. RC snubbing. load line shaping. etc. 
The safe levelfor these devices is specified asReverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-oil. 
This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics. 


OVERLOAD 
SAFE OPERATING 
AREA 


Theforward-bias safeoperating area (FBSOA)specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fault conditions occur. these transistor specifications 
are not always adequate. A specification called overload 
safeoperating area(OLSOA)hasbeendevelopedto describe 
the transistor's ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 


TypeI OLSOA applies when maximum collector current 
is limited and known. Agood example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned oil within a specified 
amount of time. the magnitude of collector current is also 
known. Figure 16 depicts the Type I OLSOA rating for the 
MJ10200. Maximum allowable collector-emitter 
voltage 
versus collector current is plotted for several pulse widths. 
(Pulse width is defined as the time lag between the fault 
conditIOn and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. Therefore. 
with bus voltage and maximum collector current known, 
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TYPE I OLSOA 
(continued) 


Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 


Type I OLSOA is measured in a common-base 
circuit 
(Figure 18) which 
allows precise definition 
of collector- 


emitter 
voltage and collector current. This is the same 


circuit 
that 
is used to measure 
forward·bias 
safe operating 
area. 


TYPE II OLSOA 


Type II OLSOA applies when maximum collector current 
is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 


safe region of operation from 
the information 
that 
is usually 
available to the designer. 


This 
information 
is normally 
base drive. 
bus voltage 
and 
time. In terms of the OLSOA curve, bus voltage is assumed 
to be worst·case 
collector-emitter 
voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter 
voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined 
by the circuit parameters. Type II OLSOA. as 


shown in Figure 17, is measured in the circuit shown in 
Figure 19, and measurement 
is made as follows: 
8ase 
current 
is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next. a stiff voltage 
source is applied tothe collector. The rising voltage at the 
collector of the transistor triggers a delay function. Atthe 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OLSOA curve. The storage time 
of the transistor 
is thereby factored into the rating. 


There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA is 
strictly a NONREPETITIVErating. It is intended to describe 
the survivability of the transistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The nlImber of nonrepetitive 
faults for which 
OLSOA is defined for the MJ10200 
is 
100 occurrences. 
Another factor is the form of turn-off 
bias. For the MJ10200, 
turn-off 
bias has relatively little 
effect on its OLSOA capability. This 'observation 
is valid 
from IB2 = 0 (soft) to VBE(off) = 5 V (stiff). 


OLSOA is subject to the same derating with temperature 
as normal FBSOA.The second breakdown derating curve is 
applied tothe allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 


® MOTOROLA 


Designer's 
Data Sheet 


50 KVA 'HIGH SPEED SWITCHMODE TRANSISTOR 


2oo-Ampere 
Operating 
Current 


The MJ10201 
Darlington 
transistor 
is designed for industrial 
service 
under practical 
operating 
environments 
requiring 
fast 
switch 
ing speed for hig hIy efficient 
systems 
operati ng at high 


.frequency 
such as inverters, 
PWM controllers 
and other 
high 
frequency system operating from 120 V lines or batteries. 


Mechanical 
Ratings 


Rating 
Value 
Unit 


Mounting 
Torque (To heat sink with 
10-32 Screw) 
20 
in.-Ib 
(Note1) 


LeadTorque(Leadto bus with 1/4-20 Screw) 
20 
in.-Ib 
(Note2) 


Per Unit Weight 
120 
grams 


Thermal 
Resistance, 
Junction 
to Case,ROJC 


Mica 
Insulators 
available 
as separate 
items. 


0.003"' 
thick. 
Motorola 
Part 
Number 
8123878001. 


0.006'" 
thick. 
Motorola 
Part 
Number 
8123876002. 


Notes: 


1. A Belleville 
washer 
of 0.472""' 
0.0 
.. 0.205"' 
1.0 .. 0.024" 
thick 
and 
150 
pounds 
flat 
is 


recommended 
such 
as 
PIN 
AM1252Q6 
available 
from 
National 
Disc 
Spring 
Div .• 


385 
Hillside 
Ave .. Hillside 
N.J. 
07205. 


2. The lead torque 
should 
be limited 
to 20 in.-Ib. 
unsupported 
to prevent 
rotation 
of the terminal 


in 
the 
package. 
The 
torque 
may 
be 
increased 
to 
SO in.-Ib 
if support 
is used 
to 
prevent 


rotation, 
The 
maximum 
penetration 
of 
the 
screw 
should 
be 
limited 
to 
0.7S", 


MJI0201 
MJI0202 


200 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 
200 and 250 VOLTS 
500 WATTS 


The Designer's 
Data Sheet 
permits 
the design of most circuits 
entirelyfrom 
the information 
presented. 
Limit data- 
representing 
device 
characteristics 
bpundaries-are 
given 
to facilitate 
"worst-case" 
design, 
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STYLE 1: 
. 


F 
:l 
. -1 
PIN 1. BASE 


T..l 
c 
2. EMITIER 
cn.t- 
---I 
I 
3. EMITIER 


, 
4. COLLECTOR 
5. COLLECTOR 
NOTES: 


1. OIMENSION A ANO BARE 
OATUMS. 


2. WIS 
SEATING PLANE. 


3. POSITIONAL 
TOLERANCE 
FOR 
MOUNTING HOLES: 
,.•-It 036 
(0.014Iel 
TIA®I 
Bel 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 
A 
53.09 
53.B4 
2.090 
2.120 
B 
55.37 
56.39 
2.180 
2.220 
C 
26.67 
1. 


o 
6.10 
6.60 
0.260 
E 
6.60 
7.11 
0.280 
F 
0.71 
0.81 
0.032 
G 
43.31 BSC 
BSC 
H 
12.57 
12.82 
0.505 
J 
1.52 
1.62 
0.064 
K 
9.50 
9.75 
0.384 
L 
10.21 
10.46 
0.412 
M 
18.92 
19.18 
0.755 
N 
23.67 
23.93 
0.942 
P 
5.08 
5.21 
0.205 
a 
3.53 
3.78 
0.149 
R 
6.76 
7.26 
0.2B6 
S 
14.73 
15.24 
0.600 
V 
5.33 
5.84 
0.230 
W 
6.40 
6.65 
0.262 
X 
7.37 
7.87 
0.290 
0.310 


CASE 34B·Ol 


Electrical 
Ratings 


Rating 
Symbol 
Valua 
Unit 


Collector-Emitter 
Voltage 
MJ10201 
VCEO 
250 
Vdc 
MJ10202 
200 


Collector-Emitter 
Voltage 
(RBE = 10 Ohms) 
VCER 
300 
Vdc 


Collector-Base 
Voltage 
VCB 
300 
Vdc 


Emitter-Base 
Voltage 
VEB 
8.0 
Vdc 


Collector 
Current 
- 
Operating, 
TC :: 50°C 
IC 
200 
A 
- 
Continuous. 
Tc:: 25°C 
300 


- 
Peak Repetitive, 
TC = 25°C 
600 
- 
Peak Nonrepetitive. 
TC = 25°C 
1000 


Base Current 
- 
Continuous 
IB 
50 
A 


- 
Peak Nonrepetitive 
100 


Total 
Device 
Dissipation 
@Te= 
25°C 
Po 
500 
Watts 
Derate above 25°C 
4.0 
W/oC 


For '-minute 
overload 
667 
Watts 


Operating 
Junction 
and Storage 
Temperature 
Range 
TJ, Tstg 
-55 
to +150 
°c 
For l-minute 
overload 
-55 
to +200 


Collector-Emitter 
Sustaining 
Voltage 
(1) 
MJ10201 
VCEO(sus) 
250 
- 
- 
Vdc 
(lc = 250 mAdc, 
IB = 0) 
MJ10202 
200 


Collector 
Cutoff 
Current 
ICEV 
mAdc 
(VCE = 500 Vdc. VBE(off) = 1.5 Vdc) 
- 
- 
2.0 
(VCE = 500 Vdc, V8E(off) 
= 1.5 Vdc, Te = 150°C) 
- 
- 
10 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
5.0 
mAdc 
(VEB = 4.0 Vdc. IC = 0) 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward-Biased 
FBSOA 
See Figure 
13 


Clamped 
Inductive 
SOA with 
Base Reverse-Biased 
RBSOA 
See Figure 
14 


Overload 
SOA 
OLSOA 
See Figures 
16 and 17 


DC Current 
Gain 
hFE 
(lC = 200 Adc, VCE = 5.0 Vdc) 
75 
- 
- 
(Ie = 200 A. VCE = 10 V) 
90 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 
(lc = 200 Adc, 
IB = 5.5 A) 
- 
- 
2.0 
(Ie = 200 Adc, 
IB = 5.5 A, Te = lOOOC) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBE(sat) 
Vdc 
(lC = 200 Adc, IB = 5.5 Adc) 
- 
- 
3.5 
(IC = 200 Adc. IB = 5.5 Adc, Te = lOO°C) 
- 
- 
3.5 


Output 
Capacitance 
(VCB = 10 Vdc. IE = O. ftest = 1.0 kHz) 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
(TC = 25°C unless 
otherwise 
noted) 


Characteristic 
I 
Symbol 
I 
Min 


SWITCHING 
CHARACTERISTICS 


Resistive 
Load 


Delay 
Time 
(VCC = 150 Vdc. 'C = 200 A, IBl 
= 5.5 A, 
td 
- 
0.035 
0.25 
/,s 
Rise Time 
tr 
- 
1.2 
4.0 
/,s 
Storage 
Time 
tp = 50 /'s, VBEloff) = 5.0 V, 
ts 
1.4 
4.0 
/'s 
Fall Time 
Duty Cycle';;; 
2.0%) 
tf 
0.25 
1.0 
/,s 


Inductive 
load. 
Clemped 


Storage 
Time 
TJ= 
100°C 
tSY 
- 
2.B 
B.O 
/'s 
Crossover 
Time 
(ICM = 200A. 
tc 
1.4 
4.0 
/'s 
Storage 
Time 
VCEM = 150 V. IB 1 = 5.5 A, 
tSY 
L.L 
0.0 
/'" 
Crossover 
Time 
IB2 = 5.5 A) 
TJ = 25°C 
tc 
1.u 
3.0 
/,s 


Power 
Dissipation 
(Is = 0) 
Po 
- 
- 
250 
W 


Forward 
Voltage 
(1) (IF = 200 A) 
VF 
- 
2.5 
5.0 
V 


Reverse 
Recovery 
Time 
trr 
- 
0.4 
1.0 
/'s 
(di/dt 
= 25 A//,s, 
IF = 200 A) 


Forward 
Turn-On 
Time 
ton 
- 
0.4 
1.0 
/,s 
(Compliance 
Voltage 
= 200 V. IF = 100 A) 


Single 
Cycle Surge 
Current 
(f = 60 Hz) 
IFSM 
- 
- 
500 
A 


Reverse Recovery 
Current 
'RM(REC) 
- 
50 
100 
A 
(IF = 200 A, dildt 
= 200 AI "s) 


(1) 
Pulse 
Test. 
Pulse 
width:S;;; 
300 
",,5, duty 
cycle 
:S;;;2.0%. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


FIGURE 
1 - 
DC CURRENT 
GAIN 
FIGURE 
2 - 
DC CURRENT 
GAIN 
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FIGURE 
3 - 
DC CURRENT 
GAIN 
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FIGURE 
4 - 
COLLECTOR 
SATURATION 
REGION 
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FIGURE 9 - 
TYPICAL 
TURN-ON 
SWITCHING 
TIMES 
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RESISTIVE 
SWITCHING 


TURN 
ON TIME 


PG 
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0 
711 


Vclamp" 
VCEO(susl 


IB~: 


Ie 1 adjuSled 
10 


oblam 
the 
forced 


hFE 
deslfed 


TURNOFF 
TIME 


Use 
mductlve 
SWllChing 


CirCUli as Ihe Inpul 
10 


Ihe 
reS1SIIve 
leSI 
CIrCUli 


MTM14N05 


-Voff 
Drive 


Vec" 150V 
Rl" 0751) 


Pulse 
Width" 
25 1'5 


11 AdJusled 
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Obtain Ie 


lcod(lcM) 
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lCOllllCMI 
11 
V 
clamp 


1 
I 
Rcod 
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I lCol' 
J 


Test 
EQulpmenl 


Scope 
- 
Tektronla 


475 
or EQuivalent 


In resistive 
switching 
circuits, 
rise, 
fall, 
and 
storage 
times have been defined and apply to both current and 


voltage 
waveforms 
since 
they 
are 
In phase. 
However, 


for inductive loads which are common to SWITCHMODE 


power 
supplies 
and 
motor 
controls, 
current 
and 
voltage 


waveforms 
are not in phase. 
Therefore, 
separate 
measure- 


ments 
must 
be 
made 
on 
each 
waveform 
to determine 


the total switching time. For this reason, the follOWing 


new 
terms 
have 
been 
defined. 


tsv = Voltage Storage Time, 90% 181to 10 % VCEM 
trv = Voltage Rise Time, 10-90% 
VCEM 
tfi 
= Current Fall Time, 90-10% 
ICM 
tti 
= Current Tail. 10-2% 
ICM 
tc 
= Crossover Time, 10% VCEM to 10% ICM 


An enlarged 
portion 
of the 
inductive 
switching 
waveform 
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VBEloffl 
BASE·EMITTER 
VOLTAGE (VOLTS) 


IS shown 
In 
Figure 
7 
to 
aid 
on 
the 
visual 
Identity 
of 


these 
terms. 


For 
the 
deSigner, 
there 
IS mInimal 
switching 
loss 


during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses 
occur 
during 
the crossover 
interval 
and can 
be obtained using the standard equation from AN~222A: 


PSWT= 112 Vcclc(tdf 


In general, 
trv + tfl = tc. However. 
at lower 
test 
currents 


this relationship may not be valid. 


As is common 
WIth most switching 
transistors. 
resistive 
switching ISspecified at 25°C and has become a bench- 
mark for deSigners. 
However, 
for designers 
of high 


frequency 
converter 
circuits, 
the user·oriented 
specifica· 
tlons which make this a "SWITCHMODE" transistor are 
the mductive switching 
speeds (tc and tsvl which are 


guaranteed at 100°C. 
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SAFE OPERATING 
AREA INFORMATION 


FORWARO 
BIAS 


There are two limitations on the power handling ability 
of a transistor: average junction temperature 
and second 
breakdown. Safe operating,area curves indicate Ic-VeE 
limits of the transistor that must be observed for reliable 
operation; 
i.e., the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 


The data of Figure 13 is based on Te = 25°e; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Te;;' 25°e. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature 
by using the appropriate curve on 
Figure 15. 


TJ(pkl may be calculated from the data in Figure 20. 
At high casEltemperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations 
imposed by second breakdown. 


REVERSE 
BIAS 


For inductive'loads, 
high voltage 
and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
t'o a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, Re snubbing, load line shaping, etc. 
The safe levelfor these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. 
T-his 
rating is verified under clamped conditions 
so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics . 


OVERLOAD 
SAFE OPERA;rING 
AREA 


The forward-bias safe operating area (FBSOAI specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fault conditions occur, these transistor specifications 
are not always adequate. A specification called overload 
safeoperating area(OLSOA)has been developedto describe 
the transistor's 
ability to survive under fault conditions. 


OLSOA is specified under two types of conditions. 


TYPE I OLSOA 


Type I OLSOA applies when maximum collector current 
is limited and known. Agood example isa circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figure 16 depicts the Type I OLSOA rating for the 
devices. Maximum 
allowable 
collector-emitter 
voltage 
versus collector current is plotted forseveral pulse widths. 
(Pulse width is defined as the time lag between the fault 
condition and the removal of base drive.1 Storage time of 
the transistor has been factored into the curve. Therefore, 
with bus voltage and maximum collector current known, 
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Notes: 


• 
VCE; 
VCC + VSE 


• 
Adjust pulsed current source 


for desired 
Ie- tp 


Notes: 


• 
Rep Rate':; 
10 Hz 


• 
Adjust 
Rl 
for desired 
IB 


• 
Pulse delay time at the 
generator 
determines 
pulse 
width 
at J:he device 
under test 
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TYPE I OlSOA 
(continued) 


Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown 
of base drive. 
Type I OlSOA 
is measured in a common-base 
circuit 
(Figure 18) which allows precise definition 
of collector- 
emitter 
voltage and collector 
current. 
This is the same 
circuit that is used to measure forward-bias safe operating 
area. 


TYPE II OlSOA 


Type IIOlSOA applies when maximum collector current 
is not limited by circuit design. but is limited only by the 
gain of the transistor. Therefore. collector current does not 
appear on the Type II OlSOA 
curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 


This information 
is normally base drive. bus voltage and 
time. In terms olthe OlSOAcurve. 
bus voltage is assumed 
to be worst-case 
collector-emitter 
voltage. and time is 
defined to be the same pulse width that was described for 
Type I OlSOA. Using these variables. maximum collector- 
emitter 
voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OlSOA. 
as 


shown in Figure 17. is measured in the circuit shown in 
Figure 19. and measurement 
is made as follows: 
Base 
current is applied while the collector is open. allowing 
a 
highly overdriven saturated condition. Next. a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay. base drive is removed. The delay time is 
the variable on the Type II OlSOA curve. The storage time 
of the transistor 
is thereby fa'ctored into the rating. 
There are several additional 
aspects to be considered 
regarding OlSOA. The first consideration is that OlSOA is 
strictly a NONREPETITIVErating. It is intended to describe 
the survivability of the transistor during an accidental over- . 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faults for which OlSOA is defined for the devices are 100 
occurrences. 
Another factor is the form of turn-off 
bias. 


For the devices. turn-off 
bias has relatively little effect on 
its OlSOAcapability. 
This observation isvalid from IB2 = 0 
(soft) to VBE(off) = 5 V (stiff). 


OlSOA is subject to the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable current at anygiven voltage. using 
the same procedure that is followed with pulsed FBSOA. 
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DesignCer's Data 
Sheet 


SWITCHMODE 
III SERIES 
NPN SILICON POWER TRANSISTORS 


These transistors 
are designed for high-voltage, 
high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly 
suited for line-operated 
switch mode applications. 


The MJ16004 
is a selected high-gain version of the MJ16002 for 
applications where drive current is limited. 


Typical Applications: 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Orivers 


• 
Motor Controls 


• 
Deflection Circuits 


• 
Fast Turn-Off Times 
50 ns Inductive Fall Time - 
75°C (Typ) 
70 ns Inductive Crossover Time - 
75°C (Typ) 
500 ns Inductive Storage Time - 
75°C (Typ) 


• 
Operating Temperature Range -65 to +200°C 


• 
100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
Max 
Unit 


Collector-Emitter 
Voltage 
VCEo(sus) 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
Vdc 


Emitter Base Voltage 
VEB 
6.0 
Vdc 


Collector Current - 
Continuous 
IC 
5.0 
Adc 


- 
Peak(I) 
ICM 
10 


Base Current - 
Continuous 
IB 
4.0 
Adc 
- 
Peak(I) 
IBM 
8.0 


Total Power Dissipation@Te= 
25°C 
Po 
125 
Watts 


@TC=100°C 
71.5 
Derate above 25°C 
0.714 
W/oC 


Operating 
and Storage Junction 
TJ,TSl9 
65 to +200 
°c 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
R9JC 
1.4 
°C/W 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°c 
Purposes: 
1IS'" from Case for 5 Seconds 


(1) 
Pulse 
Test: 
Pulse 
Width 
= 
5 
ms.. Duty 
Cycle 
~ 
10%. 


MJ16002 
MJ16004 


NPN SILICON 
POWER TRANSISTORS 


The Designers 
Data Sheet 
permits 
the design of most circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 


- 
representing 
device 
characteristics 
boundaries 
- 
are given 
to facilitate 


"worst 
case" design. 


L~·. 
c 
t. 
0 
x 
-. 
I 


STYlE 
I 


PIN I. 
BASE 
r------ 
F 


2. 
EMITTER 


CASE 
COLLECTOR 


NOTES 


I. 
DIMENSIONS 
0 AND 
V ARE 
DATUMS. 


2. ill IS SEATING 
PLANE 
AND 
DATUM. 


3. 
POSITIONAL 
TOLERANCE 
FOR 


MOUNTING 
HOLE 0 
1.1'·""""'8Irlvel 


fOR 
LEADS 
1.1''''''''''8rIV8IQ81 


4. 
DIMENSIONS 
AND 
TOLERANCES 
PER 


ANSIYI4.5,1913. 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C unless 
Olherwise 
noted) 


Characteristic 
Symbol 


Collector· 
Emitter 
Sustaining 
Voltage 
(Table 2) 
VCEOlsus) 
450 
- 
- 
Vde 
(lC = 100 mA. 
la = 0) 


Collector 
Cutoff Current 
ICEV 
mAde 


(VCEV = 850 
Vde. VaEloff) 
= 1.5 Vde) 
- 
- 
0.25 


(VCEV = 850 Vde. VaEloff) 
= 1.5 Vde. TC = 100°C) 
- 
- 
1.5 


Collector 
Cutoff Current 
ICER 
- 
- 
2.5 
mAde 


(VCE = 850 
Vde. RaE = 50 n. TC = 100°C) 


Emitter Cutoff Current 
lEaD 
- 
- 
1.0 
mAde 


(VEa = 6.0 Vde. IC = 0) 


See Figure 
15 


See Figure 
16 


Second 
Breakdown 
Collector 
Current 
with Base Forward 
Biased 


Clamped 
Inductive 
SOA with Base Reverse 
Biased 


Collector-Eminer 
Saturation 
Voltage 
VCE(sat) 
Vde 
(IC = 1.5 Ade. la = 0.2 Ade) 
- 
- 
1.0 


(IC = 3.0 Ade. la = 0.4 Ade) 
- 
- 
2.5 
(IC = 3.0 Ade. la = 0.4 Ade. TC = l00°CI 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VaE(sat) 
Vde 
(lC = 3.0 Ade. la = 0.4 Ade) 
- 
- 
1.5 
(IC = 3.0 Ade. la = 0.4 Ade. TC = l000CI 
- 
- 
1.5 


DC Current 
Gain 
hFE 
5.0 
- 
- 
- 
(IC = 5.0 Ade. VCE = 5.0 Vde 


Output 
Capacitance 
(Vca 
= 10 Vde. IE = O. f,es, 
= 1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive 
Load (Table 
11 


Delay Time 
(lC = 3.0 Ade. 
td 
- 
30 
100 
ns 


Rise Time 
(la2 
= 0.8 Ade. 
tr 
100 
300 


Storage 
Time 
VCC = 250 Vde. 
Ra2 = 8.0!l) 
's 
- 
1000 
3000 


Fall Time 
la 1 = 0.4 Ade. 


If 
60 
300 


Storage Time 
PW=30~s. 


ts 
- 
400 
- 
Fall Time 
Outy Cycle <;;2.0%) 
(VaE(off) 
= 5.0 Vde) 
If 
130 


Inductive 
Loed (Table 
2) 


Storage 
Time 
tsv 
- 
500 
1600 
ns 


Fall Time 
(lC = 3.0 Ade. 
(TJ= 
100°C) 
tfi 
100 
200 


Crossover Time 
lal 
= 0.4 Ade. 
te 
- 
120 
250 


Storage 
Time 
VaE(off) 
= 5.0 Vde. 
tsv 
600 


Fall Time 
VCE(pk) = 400 
Vde) 
ITJ = 150°C) 
tfi 
120 


Crossover Time 
te 
160 


(1) Pulse 
Test. 
pw. 300 
/-IS, 
Duty 
Cycle 
:;;;;2%. 


'Pf=~ 
IBl 


ELECTRICAL 
CHARACTERISTICS 
ITC; 
25°C unless olherwise 
noted) 


Characteristic 
Symbol 


Collector·Emitter 
Sustaining 
Voltage 
(Table 2) 
VCEO(sus) 
450 
- 
- 
Vde 
(lc ; 100 mA. IB ; 0) 


Collector 
Cutoff Current 
'CEV 
mAde 


IVCEV; 
850 Vde. VBEloff); 
1.5 Vde) 
- 
- 
0.25 


IVCEV; 
850 Vde. VBEloff); 
1.5 Vde. TC; 
100°C) 
- 
- 
1.5 


Collector 
Cutoff Current 
'CER 
- 
- 
2.5 
mAde 
IVCE; 
850 Vde. R8E ; 50 H. TC; 
100°C) 


Emitter 
Cutoff Current 
'E80 
- 
- 
1.0 
mAde 


IVE8; 
6.0 Vde. 'C; 
0) 


SECOND 
BREAKDOWN 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse 
Biased 


'See Figure 15 


See Figure 
16 


Collector·Emitter 
Saturation 
Voltage 
VCElsat) 
Vde 


IIC; 
1.5 Ade. 'B ; 0.15 Ade) 
- 
- 
1.0 
(lC; 
3.0 Ade. IB; 
0.3 Ade) 
- 
- 
2.5 
(lC; 
3.0 Ade. 'B ; 0.3 Ade. TC; 
100°C) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
V8Elsat) 
Vde 
IIC; 
3.0 Ade. '8; 
0.3 Ade) 
- 
- 
1.5 
(lC; 
3.0 Ade. 'B; 
0.3 Ade. TC; loooCI 
- 
- 
1.5 


DC Current 
Gain 
hFE 
7.0 
- 
- 
- 


IIC; 
5.0 Ade. VCE; 
5.0 Vde 


Output 
Capacitance 
(VC8; 
10 Vde. IE; 
O. ftest; 
1.0 kHzl 


SWITCHING 
CHARACTERISTICS 


I 


Resistive 
Load (Tabla 1) 


Delay Time 
llC; 
3.0 Ade. 
td 
- 
30 
100 
ns 


Rise Time 
IIB2; 
0.6 Ade. 
tr 
- 
130 
300 


Storage 
Time 
VCC; 
250 Vde. 
R82; 
8.0 HI 
Is 
- 
800 
2700 


fall Time 
'B 1 ; 0.3 Ade. 


tf 
- 
80 
350 


Storage 
Time 
PW; 
30~s. 
ts 
250 
- 


Fall Time 
Duty Cycle ';;2.0%1 
IV8Eloffl; 
5.0 Vde)· 


If 
- 
60 
- 


Induetiva 
Load (Tabla 2) 


Storage Time 
tsv 
- 
400 
1300 
ns 


Fall Time 
IIC; 
3.0 Ade. 
(TJ; 
100°C) 
tfi 
80 
150 


Crossover Time 
IBl ; 0.3 Ade. 
te 
- 
90 
200 
Storage Time 
V8Eloff); 
5.0 Vde, 
tsv 
- 
450 
- 


Fall Time 
VCElpkl; 
400 Vde) 
(TJ; 
1500CI 
tfi 
- 
100 
- 


Crossover 
Time 
te 
110 
- 


(1) Pulse 
Test: 
PW 
- 300 ~s. Duty 
Cycle ~2%. 
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FIGURE 
3- 
COLLECTOR-EMITTER 
SATURATION 
VOLTAGE 
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FIGURE 
2 - 
COLLECTOR 
SATURATION 
REGION 
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FIGURE 
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COLLECTOR 
CURRENT 
FALL TIME 
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FIGURE 
16 - 
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FORWARD 
BIAS 
There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; 
i.e.• the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 


The data of Figure 15 is based on TC; 
25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 


TJ(pk) may be calculated from the data in Figure 17. 


At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE 
BIAS 


For inductive 
loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter 
junction reverse biased. 


Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RCsnubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off_ This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 16 
gives the RBSOA characteristics. 
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T1 adjusted 
to obtain IC(pk) 
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Inductive Switching 


L= 200"H 


RB2 = 0 
VCC = 20 Volts 
AS1 selected for desired 
IS1 


-Tektronix 


P-6042 
or 
Equivalent 


Scope· 
Tektronix 
7403 
or 
Equivalent 
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-V 
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VCE~ 
L- 


RBSOA 


L= 200"H 


RB2 = 0 
VCC = 20 Volts 
RS 1 selected for desired 
IB 1 


IC(pk) = 3.0 Amps 
IBl 
= 0.3 Amp 


VBE(offl 
= 5.0 Volts 
, VCE(pkl = 300 Volts 
TC = 25°C 
Time Base::; 
20 ns/cm 


IC(pk) = 3.0 Amps 
IB1 = 0.3 Amp 


VBE(off) 
= 5.0 Volts 
VCE(pkl = 300 Volts 
TC = 25°C 
Time Base = 
20 ns/cm 


® MOTOROLA 


Designer's 
Data Sheet 


SWITCHMODE 
III SERIES 
NPN SILICON POWER TRANSISTORS 


These transistors 
are designed for high-voltage, 
high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly 
suited for line-operated switchmode applications. 
The MJ1600B is a selected high-gain version of the MJ16006 for 
applications where drive current is limited. 


Typical Applications: 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Orivers 


• 
Motor Controls 


• 
Deflection Circuits 


• 
Fast Turn-Off Times 
90 ns Inductive Fall Time - 
75°C (Typ) 
90 ns Inductive Crossover Time - 
75°C (Typ) 
450 ns Inductive Storage Time - 
75°C (Typl 


• 
Operating Temperature Range -65 to +200oC 


• 
100°C Performance Specified for: 


Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
Max 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
Vdc 


Emitter 
Base Voltage 
VEB 
6.0 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
B.O 
Adc 
-Peak(l) 
ICM 
16 


Base Current 
- 
Continuous 
IB 
6.0 
Adc 
- 
Peak (1) 
IBM 
12 


Total Power 
Dissipation 
@ Te 
== 25°C 
Po 
150 
Watts 


@ TC = 100°C 
85.5 
Derate 
above 25°C 
0.B6 
W/oC 


Operating and Storage Junction 
TJ' TS'9 
-65 to +200 
°C 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
ROJC 
1.17 
°C/W 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°C 
Purposes: 
1IS" from Case for 5 Seconds 


(1) 
Pulse 
Test: 
Pulse 
Width 
= 
5 
ms. 
Duty 
Cycle 
~ 
10%. 


MJ16006 
MJ16008 


NPN SILICON 
POWER TRANSISTORS 


The 
Designer's 
Data 
Sheet 
permits 
the design of most circuits entirely from 


the 
information 
presented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are given 
to facilitate 


"~orst 
case" design. 


L~·. 
c 
l, 
0 
• 
. . 
-.l 


STYLE 
1 
PIN I.,. 


CASE 


NOTES 


I 
DIMENSIONS 
Q AHD 
V ARE 
DATUMS 


2 m IS SEATING 
PLANE 
AND 
DATUM 


3. 
POSITIONAL 
TOLERANCE 
FOR 


MOUNTING 
HOLED 
1.1'13"OO5,el,lv01 


fDR 
lEADS 
I .1'·13"OO5,e, Ivel -el 


4. 
DIMENSIONS 
AND 
TOLERANCES 
PER 
ANSIYI4S.1913. 


INCHES 
KIN 
MAX 
I.SSO 


O. 
0.300 
0.043 
.0 
1.17 
SC 
D.430ISC 
0.2ISISC 
O.MSI 
0 .•.• 
O. 
.ISO 
.165 


1 
0.190 
0.210 
0.150 
O.liS 


ELECTRICAL 
CHARACTERISTICS 
ITC; 
25°C unless otherwise 
noted) 


Characteristic 
Symbol 


Collector· 
Emitter 
Sustaining 
Voltage 
(Table 2) 
VCEO(sus) 
450 
- 
- 
Vde 


(IC; 
100 mA, IB; 
0) 


Collector 
Cutoff Current 
ICEV 
mAde 
IVCEV; 
850 Vde, VBE(off); 
1.5 Vde) 
- 
- 
0.25 
(VCEV; 
B50 Vde, VBEloff); 
1.5 Vde, TC; 
100°C) 
- 
- 
1.5 


Collector 
Cutoff Current 
ICER 
- 
- 
2.5 
mAde 
(VCE; 
850 Vde, RBE; 
500, 
TC ; 100°C) 


Emitter 
Cutoff Current 
lEBO 
- 
- 
1.0 
mAde 
IVEB; 
6.0 Vde, IC ; 0) 


See Figure 
15 


See Figure 
16 


Second 
Breakdown 
Collector 
Current 
with Base Forward 
Biased 


Clamped 
Inductive 
SOA with Base Reverse 
Biased 


Collector·Emitter 
Saturation 
Voltage 
VCE(sat) 
Vdc 
lie; 
3.0 Adc, IB ; 0.4 Ade) 
- 
- 
2.5 
(lc; 
5.0 Adc. IB; 
0.66 Adc) 
- 
- 
3.0 
(lC; 
5.0 Adc. IB; 
0.66 Adc, TC; 
100°C) 
- 
- 


.' 
3.0 


Base-Emitter 
Saturation 
Voltage 
VBElsat) 
Vde 
(IC; 
5.0 Ade. IB; 
0.66 Adc) 
- 
- 
1.5 
IIC; 
5.0 Adc. IB; 
0.66 Adc. TC; 
100°C) 
- 
- 
1.5 


DC Current 
Gain 
hFE 
5.0 
- 
- 
- 
IIC; 
8.0 Adc, VCE; 
5.0 Vdc 


Output 
Capacitance 
(VCB; 
10 Vdc. IE; 
0, flest; 
1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive 
Loed (Teble 1) 


Delay Time 
(IC; 
5.0 Adc. 
td 
- 
20 
50 
ns 


Rise Time 
(lB2; 
1.3 Adc. 
tr 
- 
85 
250 


Storage 
Time 
VCC; 
250 Vdc. 


RB2; 
4.0 0) 
Is 
- 
1000 
2500 
IB1 ; 0.66 Adc, 
Fall Time 
PW; 
30"s. 
If 
- 
70 
250 


Storage 
Time 
I. 
- 
500 
- 


Fall Time 
Duty Cycle <;2.0%) 
(VBE(off); 
5.0 Vdc) 
If 
- 
100 
- 


Inductive 
Load (Table 2) 


Storage 
Time 
t.v 
- 
700 
1800 
ns 


Fall Time 
(IC; 
5.0 Adc. 
(TJ; 
100°C) 
tfi 
~ 
80 
200 


Crossover Time 
IBl ; 0.66 Adc. 
Ie 
- 
150 
250 


Storage Time 
VBE(off); 
5.0 Vdc. 
tsv 
- 
800 
- 


Fall Time 
VCE(pk); 
400 Vdc) 
(TJ; 
150°C) 
tfi 
- 
80 
- 


Crossover Time 
tc 
- 
200 
- 


(1) Pulse 
Test: 
PW 
- 300 
JJS, Duty 
Cycle ~2%. 


Ie 
·Pl; TB1 


ELECTRICAL 
CHARACTERISTICS 
(TC; 
25°C unless otherwise 
noted) 


Characteristic 
Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 2) 
VCEO(sus) 
450 
- 
- 
Vde 
(IC; 
100 mA. IS; 
0) 


Collector 
Cutoff Current 
ICEV 
mAde 
(VCEV; 
850 Vde. VSE(off); 
1.5 Vdel 
- 
- 
0.25 
(VCEV; 
850 Vde. VSE(off); 
1.5 Vde. TC; 
100°CI 
- 
- 
1.5 


Collector 
Cutoff Current 
ICER 
- 
- 
25 
mAde 
(VCE; 
850 Vde. RSE; 
50 fl. TC; 
l00°CI 


Emitter 
Cutoff Current 
IESO 
- 
- 
1.0 
mAde 
(VES; 
6.0 Vde. IC; 
01 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse 
Biased 


See Figure 
15 


See Figure 
16 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
Vde 
(IC; 
3.0 Ade. IS; 
0.3 Ade) 
- 
- 
25 
(IC; 
5.0 Ade. IS; 
0.5 Ade) 
- 
- 
30 
(lc; 
5.0 Ade. IS; 
0.5 Ade. TC ; 100°C) 
, 
- 
- 
3.0 


Base-Emitter 
Saturation 
Voltage 
VSE(satl 
Vde 
(lC; 
5.0 Ade. IS; 
0.5 Adel 
- 
- 
1.5 
(IC; 
5.0 Ade. IS; 
0.5 Ade. TC; 
100°C) 
- 
- 
1.5 


DC Current 
Gain 
hFE 
7.0 
- 
- 
- 
(IC; 
8.0 Ade. VCE; 
5.0 Vde 


Output 
Capacitance 
(VCS; 
10 Vde. IE; 
O. ftest; 
1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive 
load 
(Table 1) 


Delay Time 
(IC; 
5.0 Ade. 
td 
- 
20 
50 
ns 
Rise Time 
(lS2; 
1.0 Ade. 
tr 
- 
100 
250 
Storage Time 
VCC; 
250 Vde. 


RS2; 
4.0 fl) 
ts 
- 
900 
2200 


Fall Time 
IS 1 ; 0.5 Ade. 


tf 
- 
70 
250 
Storage Time 
PW; 
30~s. 


ts 
- 
400 
- 
Fall Time 
Outy Cycle <;2.0%1 
(VSE(off); 
5.0 'ide) 
tf 
- 
50 
- 


Inductive 
load 
(Table 2) 


Storage 
Time 
. tsv 
- 
500 
1400 
ns 
Fall Time 
(lC; 
5.0 Ade. 
(TJ; 
100°C) 
tfi 
- 
70 
150 
Crossover Time 
ISl 
; 0.5 Ade. 
te 
- 
100 
200 
Storage Time 
VSE(off) ; 5.0 Vde. 
t,v 
- 
600 
- 
Fall Time 
VCE(pkl; 
400 Vde) 
(TJ; 
1500CI 
tfi 
- 
100 
- 
Crossover Time 
te 
- 
150 
- 


. (1) Pulse 
Test: 
PW 
- 300 
Ils, Duty 
Cycle ~2%. 


Ie 
'PI: ;e, 


100 


50 


z 
••'" 
20 
...i 
10 
El...c 
5.0 
~~ 


2.0 


TJ = 100°C - 


.....•. 


25°C 
.....•. 


r-- 


-55°C 
- 


VCE = 5.0 V 


0.5 
1.0 
2.0 
5.0 


IC. COLLECTORCURRENT lAMPS) 


FIGURE 3- 
COLLECTOR-EMITIER 
SATURATION 
VOLTAGE 


10 
g 
c 
5.0 
<:. 
~ 
""!:; 
2.0 
c> 


""~ 1.0 
! 


"" 
0.5 
ct;~ 
:3 0.2 
.•. 
,}? 


PI = 5 
TJ - 25°C 


PI = 10 


TJ 
25°C 


PI 
10 
~ 
h 
TJ = 100°C 
~ ;./ 


./ 


I 
II .- 


0.5 
1.0 
2.0 


IC. COllECTOR CURRENT (AMPS) 


10· 


:< 
103 
.3•.. 
~~ 
101 
a~ 
0 
~ 
10' 
0...~ 
100 


I 
./ 
./ 


I 
, 
I 
- 
-TJ"50oC 


moc 
..- 
./ , 


./ 
I 
100°C 


75°C 
f-- 
-REVERSE 
FORWA,RO 
I 


/ 
VCE '150V= 


15°C 


-0.2 
0 
+0.2 
+0.4 


VBE, BASE·EMITTER VOLTAGE (VOLTS) 


1.0 
~ 
c5<:. 
~.. 0.5 
~ 


""I::! 
0.2 


B.•. 
,}? 


\ 
\ 
\ 
\ 
\ 
8.0 A 
\ 
6.0 A 
•..•....... 


\ 
4.0 A 
..... 


"'- 
'C = 2.0 A - 
* 


TJ = 25°C 
I I 


0.5 
1.0 
2.0 
'8- BASE CURRENT lAMPS) 


2.0 


~ 
1.5 


0<:. 
~ 1.0 
~ 
§1 


""~ 0.5 
~ 
'"~.•.~ 


II 


PI = 5 
TJ - 25°C 
- 
..•.. 


PI = 10 
TJ = 100°C 


0.5 
1.0 
2.0 


IC. COllECTOR CURRENT lAMPS) 


1.0 
10 
100 


VR. REVERSEVOLTAGE (VOLTS) 


FIGURE 
9 - 
COLLECTOR 
CURRENT 
FALL TIME 
FIGURE 
10 - 
COLLECTOR 
CURRENT 
FALL TIME 


400 
400 


:[ 
300 
;;; 
;;; 
>= 
>= 
200 
::j 200 
~ 
~ 
•... 
•... 
i 
~ 
B 
100 
B 
100 
'" 
'" 
0 
0 
~ 


•... 
u 
70 
~ 
70 
8 
VSEloH) : 5.0 V 
- 
50 
- 
50 


40 
40 
1.0 
2.0 
3.0 
5.0 
7.0 
10 
1.0 
2.0 
3.0 
5.0 
7.0 
10 


IC. COllECTOR CURRENTlAMPS) 
IC. COllECTOR CURRENTlAMPS) 


FIGURE 
11 - 
CROSSOVER 
TIME 
FIGURE 
12 - 
CROSSOVER 
TIME 


500 


c 
c 
;;; 
>= 
'" 
'" 
~ 
I 


0 
'"'"5 
u 
100 
.$> 
.$> 


70 


50 
2.0 
30 
5.0 
7.0 
10 
1.0 
20 
3.0 
5.0 
7.0 
10 


IC. COllECTOR CURRENTlAMPS) 
IC. COllECTOR CURRENTlAMPS) 


--- 
VSEloH): 
0 V 
->-. 


P=:=::::: ::::- 
VSEloH) : 2.~ V 


VSEloH) : 5.0 V 
f--- 


t---Ilf: 
5 
I--- 
TJ : 75°C 
t--- 
VCElpk): 400 V 
I 
I 


;;; 


~ 
1000 
: 
~ 
700 


20 
3.0 
50 


IC. COllECTOR CURRENTlAMPS) 


Ill: 10 


I 
I 


TJ: 
75°C 
, _ 
VCElpk): 400 V 


_ 
VSEloHI: 
0 V 
-...... 
---- 
•....•.... 


......... 
- 


VSEloH) : 2.0 V 
- 
VSEloH) : 5.0 V 
I 
I 


;;; 


~ 
1000 
: 
o 
t:; 
700 


2.0 
3.0 
5.0 


IC. COllECTOR CURRENTlAMPS) 


'C~ 
VCElpkl 
- 


./ .....- 
I 
x 


....- 
90% VCElpkl 
90% 'Clpkl 


,C/ 
I- -',., 
'''+ ~I,,- 
_11,- 


---j '-"-\ r-- 
/ 
I'\. 


VCE 
10% VCElpkl 
11K ••••••-- 
'e- - 
90% 'ei 
'C pk 
2%IC 
- 
--\- -- - - - 
-- - 


---- 
""-"'" 


8.0 


in~~ 
6.0 
~ 
z 
'"'"=>'-' 
'" 
4.0 
~ 
.~ 
~ 
2.0 
~ 


IBI = 1.0 A -- 
V 
-- 
/' V -IB1 = 0.5 A 
// /' 
'c = 5.0 A 
/' 
TJ = 25°C 
- f--- 


2.0 
4.0 
6.0 


VBE(oH). REVERSE BASE VOLTAGE (VOLTS) 


16 


10 
~ 
50 
::E~~ 
2.0 
15 
:l§ 
1.0 
i3 
0.5 
'"0 
!;j 
0.2 
~ 
0.1 
~ 
0.05 


I 
- 
- 
10 ~s 


'\. 


1.0 ms 


TC- 
25°C= 
-f- 
de 


1 
-f- 


- 
BONDING WIRE LIMIT 
:- 
- 
- 
- 
THERMAL LIMIT 
SECONO BREAKOOWN LIMIT 


1 
I 
'\...11 


10 
20 
50 
100 
200 
300 
450 


VCE. COLLECTOR·EMITIER VOLTAGE (VOLTS' 


FIGURE 
16 - 
MAXIMUM 
REVERSE 
BIAS 
SAFE OPERATING 
AREA 


16 
in~~ 
/if;;> 4.0 
~ 
12 
TJ';; 
100°C 
i 
i3 
'"0 
80 
~ 
'-' 


0'-' 
'"~ 
4.0 
~ 


];S 


0 
0 
200 
400 
600 
800 B50 
1000 


VCE(pk). PEAK COLLECTOR·EMITIER VOLTAGE (VOLTS) 


FORWARD 
BIAS 


There are two limitations on the power handling abilitv 
of a transistor: average junction temperature 
and second 
breakdown. Safe operating area curves indicate 'C-VCE 
limits of the transistor that must be observed for reliable 
operation; 
i.e., the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 
The data of Figure 15 is based on TC= 25°C; TJ!pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 
TJ(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE 
BIAS 


For inductive 
loads, high voltage 
and high current 
must be sustained simultaneously during turn-off, in most 
cases. with th-e base-to-emitter 
junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as ReverseBias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 16 
gives the RBSOA characteristics. 


1 


~ 
0.1 
~ _ 
0.5 
wO 
:z:w 
I- NO.3 
... :; 


~ ~ 
0.2 
;;;0: 
ZO 
«z 
a: - 
0.1 
"'w 
~ 
~ 0.07 


~ ~ 0.05 
~~ 
~ ~ 0.03 


=0 
-0.5 
R'JCII'- 
rll) R'JC 
R9JCh) ; 1.17 oeM 
Md. 
== 


H-1'" 
o CURVES APl'L Y fOR POWER 
0.2 
PULSE TRAIN SHOWN 
- 


•.....• 
READ 
TIME A11l 
- 
0.1 
TJlpkI 
TC • PI,k' 
RoJCIII 
~ 
j".o 
~0.O5 


pBUl 


~OO2- 


:::..k" 
001 
- 
SINGLE PUL~E 
t~-J 
I II 
I 
DUTY CYCLE, 0 - 11/12 


~ :---.. 


""" 
r----. 
SKond Breakdown t--- 
......•... 
.... ......... 
Defallng 


Thtrmi~ 
r-----. 


Defiling 
...•.... 
.•••.••..•..•... 


r-... 
r-----. 


..•.. 


...•.... 
"" 


OV 
=-35]J 


" 
Fb;"V 
'::..J I 


O~ 
tr~15 
ns 


Vee = 250 Vdc 
RL = 50 n 
'e = 5.0 Adc 
'B = 0.5 Adc 
~ 


v 
OV 


-5 V l 


Tm~ 1 
~ 
RL 


Vee -= 
~ 
J- 


IB1 = 0.5 Adc 
RB' = 20 n 
IB2 = 1.0 Adc 
RB2 = 4.0 n 
For VBE(off) = 5.0 V RB2 = 0 n 


·Tektronix 


P·6042 
or 
Equivalent 


Vee = 250 
RL = 50 n 
'e = 5.0 Adc 


o 
--35lf 
r 


0 


2 


_ 


F 


1.0_F 
+ 
- 


500 


Tl-l 
f-+V 


OV~ 
- 
-~ 


T1 _ 
Leoil (ICpkl 


VCC 


T1 adjusted 
to obtain 
IC(pk) 


BVCEO 
L = 10 mH 


RB2 = ~ 
VCC = 20 Volts 


Inductive 
Switching 
L = 2oo_H 


RB2 = 0 
VCC = 20 Volts 
RSl 
selected for desired 
IS1 


Scope· 
Tektronix 
7403 or 
Equivalent 


·Tektronix 
P-6042 
or 
Equivalent 


~ICIPk) 


IC~ 
~ 


~kl 


VCE~ 
L- 


RBSOA 
L= 200_H 


RB2 = 0 
VCC = 20 Volts 
Rel 
selected for desired 
IB1 
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Time Base = 
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SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 


These transistors 
are designed for high -voltage. high -speed. 


power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switch mode applications. 
The MJ16012 is a selected high-gain version of the MJ1601 0 for 
applications where drive current is limited. 


Typical Applications: 


• 
Switching Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Motor Controls 


• 
Deflection Circuits 


• 
Fast Turn-Off Times 
30 ns Inductive Fall Time - 
75°C (Typ) 
50 ns Inductive Crossover Time - 
75°C (Typ) 
600 ns Inductive Storage Time - 
75°C (Typ) 


• 
Operating Temperature Range -65 to +200°C 


• 
100°C Performance Specified for: 


Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
Ma. 
Unit 


Collector-Emitter 
Voltage 
VCEO(susl 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
S50 
Vdc 


Emitter 
Base Voltage 
VES 
60 
Vdc 


Collector 
Current - 
Continuous 
IC 
15 
Adc 


-Peak(1) 
'CM 
20 


Base Current 
- 
Continuous 
IS 
10 
Adc 


- 
Peak III 
ISM 
15 


Total Power 
Dissipation 
@ Te:; 
25°C 
PD 
175 
Watts 


@lTC=100°C 
100 


Derate above 25°C 
10 
W/oC 


Operatmg and Storage Junction 
TJ. TS'9 
-65 '0 '200 
°c 
Temperature 
Range 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Ma~ 
Unit 


Thermal 
Resistance. 
Junction to Case 
RIIJC 
10 
°C/W 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°c 
Purposes: 
1/8 


H 
from Case for 5 Seconds 


(1) 
Pulse 
Test 
Pulse 
Width 
= 
5 ms. 
Duly 
Cycle 
1O"'" 


MJ16010 
·MJ16012 


NPN SILICON 
POWER TRANSISTORS 


The Designers 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the information 
presented. 
Limit 
data 


- 
representing 
device characteristics 
boundaries 
- 
are given 
to facilitate 


"worst 
case" design. 
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FDA 
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~OO51eTlveIDel 
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OIMENSION$ANO 
TOtERANCESPER 


AN$IVIH,1913 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
nOled) 


Characteristic 
Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 2) 
VCEO(sus) 
450 
- 
- 
Vde 


(lC = 100 mA. IS = 0) 


Collector 
Cutoff Current 
ICEV 
mAde 


(VCEV = 850 Vde. VSE(oll) = 1.5 Vde) 
- 
- 
0.25 


(VCEV = S50 Vde. VSE(olf) = 1.5 Vde. TC = 100°C) 
- 
- 
2.5 


Collector 
Cutoff Current 
ICER 
- 
- 
1.5 
mAde 


(VCE = 850 Vde. RSE = 50 II. TC = 100°C) 


Emitter 
Cutoff Current 
IESO 
- 
- 
1.0 
mAde 


(VES = 6.0 Vde. IC = 0) 


See Figure 15 


See Figure 16 


Collector-Emitter 
Saturation 
Voltage 
VCE(sal) 
Vde 
(IC = 5.0 Ade. IS = 0.7 Ade) 
- 
- 
2.5 
(lC = 10 Ade. IS = 1.3 Ade) 
- 
- 
3.0 
(lC = 10 Ade.ls 
= 1.3 Ade. TC = 100°C) 
- 
- 
3.0 


Base-Emitter 
Saturation 
Voltage 
VSE(sat) 
Vde 


(lC = 10 Ade.ls 
= 1.3 Ade) 
- 
- 
1.5 
(lC = 10 Ade.ls 
= 1.3 Ade. TC = 100°CI 
- 
- 
1.5 


DC Current 
Gain 
hFE 
50 
- 
- 
- 


(lC = 15 Ade. VCE = 5.0 Vde ) 


Output 
Capacitance 


(VCS = 10 Vde. IE = O. 'tesl 
= 1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive load 
(Table 1) 


Delay Time 
(lC = 10 Ade. 
td 
- 
20 
- 
ns 


Rise Time 
(lS2 = 2.6 Ade. 
tr 
200 
- 


Storage 
Time 
VCC = 250 Vde. 
RS = 1.6 II) 
ts 
- 
1200 
- 


Fall Time 
ISl 
= 1.3 Ade. 


11 
- 
200 
- 


Storage 
Time 
PW= 30"s. 


Is 
- 
650 
- 


Fall Time 
Duty Cycle ';;2.0%) 
(VSE(olf) = 5.0 Vde: 
II 
- 
80 
- 


Inductive 
Load (Table 2) 


Storage 
Time 
Isv 
- 
800 
1800 
ns 
Fall Time 
(IC = 10 Ade. 
(TC = 100°C) 
tfi 
50 
200 
Crossover 
Time 
ISl 
= 1.3 Ade. 
Ie 
90 
250 
Storage 
Time 
VSE(offl 
= 5.0 Vde. 
tsv 
- 
1050 
- 
Fall Time 
VCE(pk) = 400 Vde) 
(TC=150°C) 
tfi 
70 
- 


Crossover Time 
te 
- 
120 
- 


ELECTRICAL 
CHARACTERISTICS 
(Tc = 25°C 
unless 
otherwise 
noted) 


Characteristic 
Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 2) 
VCEOlsusl 
450 
- 
- 
Vde 


(lC = 100 mA, IB = 01 


Collector 
Cutoff Current 
ICEV 
mAde 


(VCEV = 850 Vde, VBE(off) = 1.5 Vdel 
- 
- 
0.25 


(VCEV = 850 Vde, VBE(off) = 1.5 Vde. TC = l000CI 
- 
- 
2.5 


Collector 
Cutoff Current 
ICER 
- 
- 
1.5 
mAde 


(VCE = 850 Vde. RBE = 50 11.TC = 100°C) 


Emitter 
Cutoff Current 
lEBO 
- 
- 
1.0 
mAde 
(VEB = 6.0 Vde, IC = 01 


Second 
Breakdown 
Collector 
Current 
with Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse 
Biased 


See Figure 15 


See Figure 
16 


Collector-Emitter 
Saturation 
Voltage 
VCElsa11 
Vde 
(IC = 5.0 Ade, IB = 0.5 Ade) 
- 
- 
2.5 
(lC = 10 Ade. IB = 1.0 Ade) 
- 
- 
30 
(lc = 10 Ade, IB = 1.0 Ade, TC = 100°Cl 
- 
- 
3.0 


Base-Emitter 
Saturation 
Voltage 
VBE(sal) 
Vde 
(IC = 10 Ade, IB = 1.0 Ade) 
- 
- 
1.5 
(lc = 10 Ade, IB = 1.0 Ade, TC = l00°Cl 
- 
- 
1.5 


DC Current Gain 
hFE 
7.0 
- 
- 
- 


(lC = 15 Ade, VCE = 5.0 Vde 


Output 
Capacitance 
(VCB = 10 Vdc. IE = 0, flest = 1.0 kHzl 


SWITCHING 
CHARACTERISTICS 


Resistive 
load 
(Table 
1) 


Delay Time 
td 
- 
20 
- 
Ins 


Rise Time 
(IC = 10 Ade. 
(lB2 = 2.0 Ade, 
t, 
200 


Storage Time 
VCC = 250 Vde, 
RB = 1.6111 
Is 
- 
900 
- 


Fall Time 
IBl 
= 1.0 Ade. 


If 
150 


Storage Time 
PW= 30~s, 


Is 
- 
500 
- 


Fall Time 
DUly Cycle <;;2.0%) 
(VBE(off) = 5.0 Vde) 
If 
40 


Inductive 
Load (Table 21 


Storage 
Time 
Isv 
- 
650 
1500 
ns 


Fall Time 
IIC = 10 Ade. 
(TC = 100°Cl 
tfi 
- 
30 
150 


Crossover 
Time 
IB1 = 1.0 Ade, 
Ie 
50 
200 


Storage 
Time 
VBEloffl 
= 5.0 Vde, 
Isv 
- 
850 
- 


Fall Time 
VCElpkl = 400 Vdel 
(TC = 1500CI 
Ifi 
30 


Crossover Time 
Ie 
- 
70 
- 


50 
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There are two limitations on the power handling ability 


of a transistor: 
average 
junction 
temperature 
and 
second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 


operation, 
i.e., 
the 
transistor 
must 
not 
be 
subjected 
to 


greater 
dissipation 
than 
the 
curves 
indicate. 


The data of Figure 15 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current atthe voltages shown on Figure 15 may be found 


at any case 
temperature 
by using 
the appropriate 
curve 
on 


Figure 18. 


TJ(pk) may be calculated from the data in Figure 17. 


At high casetemperatures. thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE 
BIAS 
For inductive 
loads. high voltage and high current 


must 
be sustained 
simultaneously during turn-off, 
in most 


cases. 
with 
the 
base-la-emitter 
junction 
reverse 
biased. 


Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 


current. 
This 
can be accomplished 
by several 
means 
such 
as active clamping, RCsnubbing, load line shaping, etc. 


The safe level for these 
devices 
is specified 
as Reverse 
Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during revers~ biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 16 
gives the RBSOA characteristics. 
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® MOTOROLA 


COMPLEMENTARY 
SILICON 
POWER 
PLASTIC 
TRANSISTORS 


designed for low voltage, low-power, 
high-gain audio amplifier 
applications. 


• 
Collector-Emitter 
Sustaining Voltage - 


VCEO(susl = 25 Vdc (Min) @ IC = 10 mAdc 


• 
High DC Current Gain - 
hFE = 70 (Min) @ IC = 500 mAdc 


= 45 (Min) @ IC = 2.0 Adc 
= 10 (Mini @ IC = 5.0 Adc 


• 
Low Collector-Emitter 
Saturation Voltage - 


VCE(satl = 0.3 Vdc (Max) @ IC = 500 mAdc 
= 0.75 Vdc (Maxi @ IC = 2.0 Adc 


• 
High Current-Gain - 
Bandwidth Product - 


fT = 65 MHz (Mini @ IC = 100 mAdc 


• 
Annular. 
Construction 
for Low Leakage - 
ICBO =100 nAdc@RatedVCB 


Rating 
Symbol 
Value 
Unit 


Collector-Base 
Voltage 
VCB 
40 
Vdc 


Collector-Emitter 
Voltage 
VCEO 
25 
Vdc 


Emitter·Base 
Voltage 
VEB 
8.0 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
5.0 
Adc 


Peak 
10 


Base Current 
IB 
1.0 
Adc 


Total 
Device Dissipation @TC= 
2SoC 
PD 
15 
Watts 
Derate 
above 
25°C 
0.12 
W/oC 


Total 
Device Dissipation 
@ T A = 2SoC 
PD 
1.5 
Watts 
Derate above 2SoC 
0.012 
W/oC 


Operating 
and Storage Junction 
TJ,Tstg 
-65 to +150 
°c 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, Junction 
to Case 
eJC 
8.34 
°C/W 


Thermal 
Resistance, Junction 
to Ambient 
eJA 
83.4 
°C/W 


6N 


2 
I 
t--... 


....•.... 


0 
l'-. 


f'... 


"'" 


0 
f'. 


r-..... 


MJE200 
MJE210 


5 AMPERE 


POWER TRANSISTORS 
COMPLEMENTARY 
SILICON 


25 VOLTS 
15 WATTS 


"':,;'".", 
.. II~L 
>tOtlfClQA.... 
0093T P 


)USl -l 
0025 


0015 
0035 


Ifii2l~02S123f~m r 


HEAT SINK 
JO 
CONTACT 
AREA 
--./ 
TY. 


(BOTTOM) 


NPN • 
MJE200 
PNP • 
MJE210 


ELECTR ICAL 
CHARACTERISTICS 
(TC = 25°C 
unless otherwise 
noted) 


I 
Characteristic 
1====s=v=m=b=o=I========M==in==== 
M_a_x 
U_ni_t __ 


OFF 
CHARACTERISTICS 


Collector-Emitter 
Sustaining Voltage 
(1) 
VCEO(sus) 
25 
- 
Vde 


(lC = 10 mAde, 
'B = 0) 


Collector 
Cutoff 
Current 
ICBO 
(VCB = 40 Vde, 
IE = 0) 
- 
100 
nAdc 


(VCB = 40 Vde, 
IE = 0, TJ = 125°C) 
- 
100 
/lAde 


Emitter Cutoff Current 
lEBO 
nAdc 
(VBE 
= 8.0 Vde, 
IC = 01 
- 
100 


DC Current 
Gain (1) 
hFE 
- 


(lC = 500 mAde, 
VCE = 1.0 Vde) 
70 
- 
(lC = 2.0 Ade, 
VCE = 1.0 Vde) 
45 
180 
(lC = 5.0 Ade, 
VCE = 2.0 Vdcl 
10 
- 


Collector-Emitter 
Saturation 
Voltage 
(1) 
VCE(sat) 
Vde 


(I C = 500 mAde, 
I B = 50 mAde) 
- 
0.3 


(lC = 2.0 Ade, 
I B = 200 mAde) 
- 
0.75 


(lC = 5.0 Ade, 
IB = 1.0 Ade) 
- 
1.8 


Base-Emitter 
Saturation 
Voltage 
(1) 
VBE(sat) 
- 
2.5 
Vde 
(lC = 5.0 Ade, 
IB = 1.0 Adcl 


Base-Emitter 
On Voltage 
(1) 
VBElon) 
- 
1.6 
Vde 


(lC = 2.0 Ade, 
VCE = 1.0 Vde 


Current-Gain 
- 
Bandwidth 
Product 
(2) 
fT 
65 
- 
MHz 


(lC = 100 mAde, 
VCE = 10 Vde, ftest = 10 MHz) 


Output 
Capacitance 
Cob 
pF 


(VCB 
= 10 Vde, 
IE = 0, f = 0.1 MHz) 
MJE200 
- 
80 
MJE210 
- 
120 
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There are two 
Itmltatlons 
on the power handling ability of a 
transistor: 
average junction temperature and second breakdown. 


Safe operating 
area cu;ves indicate 
IC-VCE 
limits of the transistor 


that 
must be observed for reliable 
operation; 
i.e., the transistor 
must not be subjected to greater diSSIpation than the curves indicate. 


The data of Figure 5 
IS based on T J(pk) :: 150°C; 
T C IS variable 
depending on conditions. ·Second breakdown pulse limIts are valid 
for duty cycles to 10% provided T J(pkl ~ 
1500C. 
T J"lpk) may be 


calculated from the data In Figure 4. 
At hIgh case temperatures, 


thermal limitations will reduce the power tt}at can be handled to 
values less than the limitations 
Imposed by second breakdown. 
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IC. COLLECTOR CURRENT lAMP) 


@ MOTOROLA 


COMPLEMENTARY 
SILICON 
POWER 
PLASTIC 
TRANSISTORS 


designed for low power audio amplifier 
and low-current, 
high- 
speed switching 
applications_ 


• 
High Collector-Emitter 
Sustaining Voltage - 


VCEO(sus) = 
80 Vdc (Min) - 
MJE240/2, 
MJE250!2 


= 100 Vdc (Mini - 
MJE243/4, 
MJE253/4 


• 
High DC Current Gain @ IC = 200 mAdc 
hFE = 40-200 - 
MJE240, MJE250 


= 40-120 - 
MJE241,243, 
MJE251,253 


= 25 (Min) - 
MJE242,44, 
MJE252,54 


• 
Low Collector-Emitter 
Saturation 
Voltage - 


VCE(sat) = 0_3 Vdc (Max) @ IC = 500 mAdc 


• 
High Current Gain Bandwidth 
Product - 


IT = 40 MHz (Min) 
@ IC = 100 mAdc 


• 
Annular Construction 
for Low Leakages 


ICBO = Hio nAdc (Maxi 
@ Rated VCB 


MJE240 


! 
I 


MJE241 
MJE242 
MJE243 
MJE250 
MJE244 
MJE251 
MJE253 
I 
Rating 
Symbol 
MJE252 
MJE254 
Unit 


Collector-Emitter 
Voltage 
VCEO 
80 
100 
Vd, 


Collector-Base 
Voltage 
VCB 
80 
100 
Vd< 


Emitter-Base 
Voltage 
V'8 
7.0 
I 
Vd, 


Collector 
Current 
Continuous 
'C 
4.0 
Ad' 


Peak 
8.0 


Base Current 
'B 
1.0 
I 
Ad' 
--I 


Total 
Device 
Dissipation@Tc-25OC 
Po 
'5 
Watts 
Derate 
above 
25°C 
0.12 
w/oe 


Total 
Device Dissipation@TA 
'" 25°C 
Po 
1.5 
Watts 


Derate 
above 25°C 
0.012 
w/oe 


Operating 
and Storage 
Junction 
TJ,Tstg 
-6510 
+150 
°c 


Temperature 
Range 


Characteristic 


Thermal 
Aesistance, 
Junction 
to Case 


Thermal Resistance, Junction 
to Ambient 


16 


~ 
12 
«;0 
z 
0 
>= 
u« 
8.0 
>-~ 


Bi"~ 
w 
~ 4.0 
~ 


1 


"""" 


"- 
I 
"" 


"- 


"- "" 


"" 


"- 


0 


NPN 
MJE240 thru MJE244 


PNP 
MJE250 thru MJE254 


4 AMPERE 


POWER TRANSISTORS 
COMPLEMENTARY 
SILICON 


80, 100 VOLTS 
15 WATTS 


10.79 
11.04 
---+ 


~ 


0.50 15.36 
066 
1663 


STYLE 
1 
_ 
_ 
_ 1 


PIN ; 
~~~:~~~OR 
IIIL 
2 36 


3B: 
~ r- g:~~T.P. 


O~63 
1 
2 
3 fU; CHi 
--iF 


HEAT SINK 
JO 
CONT 
ACT 
AREA 
TVP 
IBOTTOM) 


1l1eadbendlno 
IS reqUired, 
use sUllable 
clamps 
or olher 
supports 
belween tranSIStor 
case and pOlnl oj bend 
Alldlmensloos 
In millimeters 


NPN • MJE240 thru MJE244 
PNP • MJE250 thru MJE254 


ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C unless otherwise 
noted) 


Characteristic 


Collector-Emitter 
Sustaining 
Voltage 
VCEO(sus) 
Vde 
IIc = 10 mAde. 'B = 01 
MJE240.MJE24 
I .MJE242. 
BO 
- 


MJE250.MJE251.MJE252 


MJE243.MJE244 
100 
- 


MJE253.MJE254 


Collector 
Cutoff 
Current 
'CBO 


IVCB = BO Vdc. IE = 01 
MJE240.MJE24 
I .MJE242. 
- 
0.1 
JlAde 


MJE250.MJE251.MJE252 


(VCB = 100 Vde, IE = OJ 
MJE243.MJE244. 
- 
0.1 


MJE253.MJE254. 
IVCE = BO Vde. IE = O. TC = 1250CI 
MJE240.MJE241.MJE242 
- 
0.1 
mAde 
MJE250.MJE25' 
.MJE252. 


IVCE = 100 Vde. 'E' 
O. TC' 
125°C) 
MJE 243.MJE244 
- 
0.1 
MJE253.MJE254 


Emitter 
Cutoff 
Current 
'EBO 
IolAdc 
IVBE = 7.0 Vde. 'C = OJ 
- 
0.1 


DC Current Gain 
hFE 


IIc = 200 mAde. VCE = 1.0 Vdel 
MJE240.MJE250 
40 
200 


MJE241.MJE251. I 
40 
120 
MJE243.MJE253 
~~~~:~:~~~~~~"l 
25 
- 


IIC' 
1.0 Ade. VCE' 
1.0 Vde) 
MJE241.MJE251. I 
20 
- 
MJE243.MJE"253 
IIc = 1.0 Ade. VCE = 1.U.Vde) 
MJE242.MJE252 I 
10 
- 
MJE244.MJE254 


IIc • 2.0 Ade. VCE • 
1.0 VdcJ 
MJE240.MJE250 
15 
- 


Collector-Emitter 
Saturation 
Voltage 
VCElsatl 
Vde 
(Ie:::: 500 mAde, 
IB z 50 mAde) 
All Types 
- 
0.3 
(Ie'" 1.0 Adc, 
Ie = 100 mAdcl 
MJE241.MJE251. 
- 
0.6 
MJE243.MJE253 I 
- 
O.B 
lie :: 2.0 Adc, IB ::::200 mAde) 
MJE240. 
MJE250 
IIc = 4.0 Ade. 'B' 
0.8 Adel 
All 
Types 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBElsatJ 
Vde 


(Ie:::: 2.0 Adc. 18 = 200 mAde) 
- 
1.8 


Base-Emitter 
On 
Voltage 
VSElon) 
Vdc 


(Ie:::: 
500 
mAde, 
VCE 
= 1.0 
Vdcl 
- 
1.5 


Current-Gain 
- 
Bandwidth 
Product 
IT 
MHz 
(Ie = 100 mAde. 
VCE ::::10 Vdc, 
ftest 
'" 10 MHz) 
40 
- 


Output 
Capacitance 
Cob 
pF 


(VCB = 10 Vde, IE • O. 1= O.I MHzl 
MJE240/MJE244 
- 
50 


MJE250/MJE254 
- 
70 


FIGURE 
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SWITCHING 
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TEST CIRCUIT 
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There 
are two 
limitations 
on 
the 
pOwer handling 
ability 
of 
a 
tranSistor. 
averagejunction temperature and second breakdown. 


Safe operating 
area curves 
indicate 
IC,VCE 
limits 
of the transistor 
that must be observed for reliable operation; 
I.e., the transistor 
must not be subjected 
to greater dissipation 
than the curves 
indicate. 


The data of Figure 5 IS based on TJlpk) 
= 150°C; 
TC is variable 
depending on conditions. 
Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pkl";;;;;;1500C. TJ(pk) may be 
calculated from the data In Figure 4. 
At high case temperatures, 


thermal limitations will reduce the power that can be handled to 
values less than the limitations 
imposed by second breakdown. 
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FIGURE 10 - 
TEMPERATURE 
COEFFICIENTS 
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® MOTOROLA 


PLASTIC 
MEDIUM 
POWER NPN 
SILICON 
TRANSISTOR 


.. designed for power output stagesfor television, radio, phonograph 
and other consumer product applications . 


• 
Suitable for Transformerless, Line·Operated Equipment 


• 
Thermopad "'Construction 
Provides High Power Dissipation Rating 
for High Reliability 


Rating 
Symbol 
Value 
Unit 


Collector·Emitter 
Voltage 
VCEO 
300 
Vde 


Emitter-Base 
Voltage 
VEB 
3.0 
Vde 


Collector 
Current 
- 
Continuous 
'C 
500 
mAde 


MJE340 I 


Total 
Device Dissipation 
@TC 
'" 2SoC 
Po 
20.B 
I 
Watts 
Derate 
above 
2SoC 
0.167 
W/oC 


Operating 
and Storage Junction 
TJ, Tstg 
-65 to +150 
°c 
Temperature 
Range 


ELECTRICAL 
CHARACTERISTICS 
(TC = 250C unless otherwise noted I 


I 
Characteristic 
I 
Symbol 
~ 
Max 
I 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
300 
- 
Vde 
(lC: 
1.0 mAde,lB 
= 0) 


Collector 
Cutoff 
Current 
'CBO 
- 
100 
I'Ade 
(VCR: 
300 Vde, IF : 0) 


Emitter 
Cutoff 
Current 
lEBO 
- 
100 
I'Ade 
(VEB = 3.0 Vde, IC ~ 01 


DC Current 
Gain 
(lC = 50 mAde, VCE 
Z 10 Vde) 


MJE340 


0.5 AMPERE 
POWER TRANSISTOR 


10.79 
f1.04-+ 


~ 


0.50 
15.36 
066 
f6.63 


STYLE' 
__ 
~ 


PIN 
1 EMITTER 
II~L 
2 
COLLECTOR 


3 
BASE 
-1- 
~36 
T.P. 


!!dll 
0.89 
063 
1.14 
2.• ' 


~ 


. 
123 
f1.39Cm 
F, 


HEAT SINK 
JO 


CONTACT 
AREA 
TYP 
(BOTTOM) 


" Iud 
bendIng 
II requHtd. 
Ust Sllliabl, 
clamps Of oftllf 
support, 
befWf:enlranSlSlor casfand 
potll101 bend 


AlldtmenSIOl'ltIft""Ulmel.s 


.......... 


..•.••..•r--.... 


MJE3~ 


..•.••..•...... 
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32 


2S 
~ 
24 
""~ 
z 
20 
'";::~ 
16 
gj 
C 
'" 


12 
~~ 8.0 
~ 
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I 
IIII 
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~Sht)t 
L~lr 
10 


.•.•••.. 
-J 


rl 
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./ 
./ 
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There are two limitations 
on the power handling ability 
of a transistor: 
average junction 
temperature 
and second breakdown. 
Safe operating 
area curves indicate 
IC-VCE 
limits 
of the transistor 
that 
must be observed for 
reliable operation; 
i.e., the transistor 
must not be subjected 
to greater dissipation than the curves indicate. 


The data of Figures 3 and 4 is based on T JJpkl ::: 150°C; 
T C is variable depending on conditions. 
Second breakdown 
pulse limits are valid 
for duty 
cycles to 10% provided 
T J(pk) 
~ 150 
C. 
At high case temperatures, 
thermal 
limitations 
will reduce the power that can be handled to 
values less than the limitations 
imposed by second breakdown. 
(Seee AN-4151 
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@ MOTOROLA 


Designers 
Data Sheet 


SWITCH MODE SERIES 
PNP SILICON 
POWER 
TRANSISTORS 


The MJE5850. 
MJE5851 
and the MJE5852 
transistors 
are 
designed for high-voltage. 
high-speed. power switching 
in inductive 
circuits where fall time is critical. They are particularly suited for line 
operated switch mode applications 
such as: 


• 
Switching 
Regulators 


• 
Inverters 


• 
Solenoid and Relay Drivers 


• 
Motor Controls 


• 
Delfection Circuits 


Fast Turn-Off Times 
. 
100 ns Inductive Fall Time @ 25°C (Typ) 
125 ns Inductive Crossover Time @ 25°C (Typ) 


Operating Temperature 
Range -"65 to +150°C 


100°C Performance Specified for: 
Reversed 8iased SOA with Inductive Loads 
Switching 
Times with Inductive Loads 
Saturation 
Voltages 
Leakage Currents 


MJE 
MJE 
MJE 
Rating 
Symbol 
5850 
5851 
5852 
Unit 


Collector-Emitter 
Voltage 
VCEOlsusl 
300 
350 
400 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
350 
400 
450 
Vdc 


Emitter 
Base Voltage 
VEB 
6.0 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
8.0 
Adc 
Peak(1I 
'CM 
16 


Base Current 
- 
Continuous 
IB 
4.0 
Adc 
Peak11I 
IBM 
8.0 


Total Power 
Dissipation 
PD 
80 
Watts 


@Tco 
25°C 
Derate 
above 25°C 
0.640 
W/oC 


Operating 
and Storage 
Junction 
TJ.TS19 
-65 to 150 
°C 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
ROJC 
1.25 
°C/W 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°C 
Purposes; 
1/8" 
from Case for 5 Seconds 


(1I Pulse Test: Pulse 
Width 
= 
5 ms. Duty 
Cycle 
~ 
10% 


MJE5850 
MJE5851 
MJE5852 


8 AMPERE 


PNP SILICON 
POWER TRANSISTORS 


The Designers 
Data Sheet per· 


mits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
pre- 
sented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 


are 
given 
to 
facilitate 
"worst 
case" 
deSign. 


I1 
j~ 


A 
A 


ll'lJi't~T 
D-lI~ 


- 
N 


STYLE 
1: 


PIN 
1. 
1 
3 
4 


BASE 
COLLECTOR 
EMITTER 
COLLECTOR 


NOTE 


1 
DIM 
L& 
H APPLIES 


TO 
ALL 
LEADS. 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 
A 
15.11 
15.75 
0.595 
0.610 
B 
9.65 
10.19 
0.3BO 
0.405 
C 
4.06 
4.81 
0.160 
0.190 
0 
0.64 
0.89 
0.015 
0.035 
f 
3.61 
3.73 
0.141 
0.141 
G 
1.41 
1.61 
0.095 
0.105 
H 
1.19 
3.30 
0.110 
0.130 
J 
0.36 
0.56 
0.014 
0.011 
K 
11.10 
14.11 
0.500 
0.561 
L 
1.14 
1.11 
0.045 
0.050 
N 
4.B3 
5.33 
0.190 
0.110 
Q 
1.54 
3.04 
0.100 
0.110 
R 
1.04 
1.19 
0.080 
O.tlO 
S 
1.14 
1.39 
0.045 
0.055 
T 
5.91 
6.48 
0.135 
0.155 
U 
0.16 
1.11 
0.030 
0.050 
V 
1.14 
0045 


ELECTRICAL 
CHARACTERISTICS 
(Tc; 25°C unless otherwise 
noted) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter 
Sustaining 
Voltage 
MJE5850 
VCEO(sus) 
300 
Vde 
(IC; 
10 mA, 18 ; 0) 
MJE5851 
350 
- 
- 


MJE5852 
400 
- 
- 


Collector 
Cutoff Current 
ICEV 
mAde 
(VCEV; 
Rated Value, VBE(off); 
1.5 Vde) 
- 
- 
0.5 
(VCEV; 
Rated Value, VBE(off); 
1.5 Vde, TC; 
100°C) 
- 
- 
2.5 


Collector 
Cutoff Current 
ICER 
- 
- 
30 
mAde 
(VCE; 
Rated VCEV, RBE; 
50 n, TC; 
100°C) 


Emitter 
Cutoff Current 
lEBO 
- 
- 
1.0 
mAde 
(VEB; 
6.0 Vde, IC; 
0) 


DC Current 
Gain 
hFE 
- 


(IC; 
2.0 Ade, VCE ; 5 Vde) 
15 
- 
- 
(IC; 
5.0 Ade, VCE ; 5 Vde) 
5 
- 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vde 
(IC; 
4.0 Ade, IB ; 1.0 Ade) 
- 
- 
2.0 
(lC; 
8.0 Ade, IB; 
3.0 Ade) 
- 
- 
5.0 
(IC; 
4.0 Ade, IB ; 1.0 Ade, TC ; 100°C) 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBE(sat) 
Vde 
(IC; 
4.0 Ade, IB ; 1.0 Ade) 
- 
- 
1.5 


IIC; 
4.0 Ade, IB; 
1.0 Ade, TC; 
100°C) 
- 
- 
1.5 


Output 
Capacitance 
IVCB; 
10 Vde, IE; 
0, ftest; 
1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive 
Load ITable 1) 


DelayTime 
(VCC; 
250 Vde, IC; 
4.0 A, IBl 
; 1.0 A, 
td 
- 
0.025 
0.1 
"s 
Rise Time 
tp; 
50 "s, Duty Cycle';; 
2%) 
tr 
- 
0.100 
0.5 
"s 


Storage 
Time 
(VCC; 
250 Vde, IC; 
4.0 A, IBl 
- 1.0 A, 
ts 
- 
0.60 
2.0 
"s 
Fall Time 
V BE(off); 
5 Vde, tp; 
50 "s, Duty Cycle';; 
2%) 
tf 
- 
0.11 
0.5 
"s 


Inductive 
Load, Clamped (Table 1) 


Storage 
Time 
tsv 
- 
0.8 
3.0 
"s 
Crossover 
Time 
(lCM; 
4 A, VCEM; 
250 V, IB1 ; 1.0 A, 
te 
- 
0.4 
1.5 
"s 


Fall Time 
VBE(off); 
5 Vde, TC; 
100°C) 
tfi 
- 
0.1· 
- 
"s 


Storage 
Time 
tsv 
- 
0.5 
- 
"s 
Crossover 
Time 
(lCM; 
4 A, VCEM; 
250 V, IBl 
; 1.0 A, 


te 
0.125 
- 
"s 
fall Time 
VBEloff); 
5 Vde, TC; 25°C} 
tfi 
- 
0.1 
- 
"s 


r-- 


TJ'150'C-1- 
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VR. REVERSE VOLTAGE (VOL TSI 
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-v 
adjusted 
to 
obtain 
desired 
181 


+V 
adjusted 
to 
obtain 
desired 
V8E(off) 


Lcoil 
"" 180 ~H 
Acoil 
= 0.05 n 


VCC 
= 20 V 


V clamp 
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AS adjusted 
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In resistive switching 
circuits. rise. fall, and storage 
times·have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers. current and voltage 
waveforms are not in phase.Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching 
time. For this reason, the following 
new terms have been defined. 
tsv = Voltage Storage Time, 90% IB1 to 10 % VCEM 
trv = Voltage Rise Time, 10-90% 
VCEM 
tfi 
= Current Fall Time, 90-10% 
ICM 
tti 
= Current Tail, 10-2% 
ICM 
tc 
= Crossover Time, 10% VCEM to 10% ICM 
An enlarged portion of the inductive switching waveform 
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IC. COLLECTOR CURRENT lAMPS) 


is shown in Figure 7 to aid on the visual identity 
of 
these terms. 


For the designer, 
there 
is minimal 
switching 
loss 
during 
storage time and the predominant 
switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
PSWT= 1/2 Vcclc(tdf 
In general. trv + tfi = tc. However, at lower test currents 
this relationship may not be valid. 


As iscommon with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. 
However, 
for designers 
of high 
frequency converter circuits. the user orinented specifica- 
tions which make this a "SWITCH MODE" transistor are 
the inductive switching 
speeds (tc and tsv) which 
are 
guaranteed at 100°C. 
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There 
are two 
limitations 
on the power 
handling 
ability 


of 
a 
tranSistor 
average 
Junction 
temperature 
and 
second 


breakdown. 
Safe 
operating 
area 
curves 
Indicate 
IC-VCE 


limits 
of 
the 
transistor 
that 
must 
be observed 
for 
reliable 


operation. 
I.e_. the 
transistor 
must 
not 
be subjected 
to 


greater 
diSSipation 
than 
the 
curves 
Ind,cate. 


The 
data 
of 
Figure 
12 
IS based 
on 
TC 
0 
25°C, 
TJ(pkl 


IS 
variable 
depending 
on 
power 
level. 
Second 
breakdown 


pulse 
limits 
are valid 
for 
duty 
cycles 
to 
10% but 
must 
be 


derated 
when 
TC 
;;" 25°C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 


current 
at the 
VOltages 
shown 
on Figure 
12 may 
be found 


at any case temperature 
by uSIng the appropriate 
curve on 
Figure 
15. 


T Jlpk) 
mav 
be calculated 
from 
the 
data 
In 
Figure 
11 


At high case temperatures, 
thermal 
limitations 
wdl reduce 
the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 


limitations 
Imposed 
by second 
breakdown 


For 
inductive 
loads, 
high 
voltage 
and 
high 
current 
must 
be sustained 
simultaneously 
during 
turn-off, 
in most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 
Under 


these 
conditions 
the 
collector 
voltage 
must 
be 
held 
to 


a safe 
level at or below 
a specific 
value 
of collect~r 
cur- 
rent. 
This 
can 
be accomplished 
by several 
means 
such 
as 


active 
clamping, 
RC 
snubbing, 
load 
line 
shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 
as Reverse 
Bias 
Safe 
Operating 
Area 
and 
represents 
the 
voltage-current 
condition 
allowable 
during 
reverse 
biased 
turn-off. 
This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the 


device 
is never 
subjected 
to an avalanche 
mode. 
Figure 
13 


gives the 
RBSOA 
characteristics. 
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Designers"Data 
Sheet 


SWITCHMODE" 
SERIES 
NPN SILICON 
POWER TRANSISTORS 


These devices 
are designed 
for high-voltage, 
high-speed 
power 
switch- 
ing inductive 
circuits 
where 
fall time 
is critical. 
They are particularly 
suited 
for 
115 
and 
220 
V 
SWITCH MODE 
applications 
such 
as 
Switching 
Regulators, 
Inverters, 
Motor 
Controls, 
Solenoid/Relay 
drivers 
and Deflection 
circuits. 


SPECIFICATION 
FEATURES: 


• 
Reverse 
Biased SOA with 
Inductive 
Loads @TC= 
1000C 
• 
Inductive 
Switching 
Matrix 
0.5 
to 
1.5 
Amp. 
25 
and 
1000C 
... 
tc @ 1 A. 1000C 
is 290 ns (Typ). 


• 
700 V Blocking 
Capability 
• 
SOA and Switching 
Applications 
Information. 


MAXIMUM 
RATINGS 


MJ4360 
MJ4361 
Roting 
Symbol 
MJEl3002 
MJE13OO3 
Unit 


COllector-Emitter 
Voltage 
VCEO(susl 
300 
400 
Vdc 


Collector·Emitter 
Voltage 
VCEV 
600 
700 
Vdc 


Emitter 
Base Voltage 
VESO 
9 
Vdc 


Collector 
Current 
Continuous 
IC 
1.5 
Adc 
- Peak (11 
ICM 
3 


Base Current 
- 
Continuous 
IS 
0.75 
Adc 
-Peak 
111 
ISM 
1.5 


Emitter 
Current 
Continuous 
IE 
2.25 
Adc 
- Peak (1) 
IEM 
4.5 


Total 
Power 
Dissipation@TA 
= 25 
C 
Po 
1.4 
Wans 
Derate 
above 
25 DC 
11.2 
mWf'C 


Total 
Power Disslpation@TC=250C 
Po 
40 
Watts 
Derate above 2SoC 
320 
mW/oC 


Operating 
and Storage 
Junction 
TJ,Tstg 
--65 to +150 
°c 
Temperature 
Range 


Ch.,..ct.,iltic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
R8JC 
3.12 
°C/W 
Thermal 
Resistance. 
Junction 
to 
R8JA 
89 
°C/W 
Ambient 


Maximum 
Lead 
Temperature 
for 
TL 
275 
°c 
Soldering 
Purposes; 
1/8" 
from 
Case 
for 5 Seconds 


Designer's 
Data 
for 
"Worst 
Case" 
Conditions 


The Designer'" 
Data Sheet permits 
the design of most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data 
- 
reoresenting 
device 
characteristics 
boundaries 
- 
are 
given 
to 
facilitate 
"worst 
case" 
design. 


MJE13002 · MJ4360 
MJE13003· MJ4361 


1.5 AMPERE 
NPN SILICON 
POWER TRANSISTORS 


300 and 400 VOLTS 
40 WATTS 


• 
-8-- 
4- 
II 


E 
0 
<:ajD) 
SEATING 
PLANE 
~'-oJ~ 
-F- 


~ 
-J- 


STYle 
1: 


PIN 1. BASE 


2. EMITTER 


CASE: 
COLLECTOR 


All JEDEC 
Dimension, 
and 
Notes Apply. 


1E.Lli 
E3=}-i- 
M-A- 
, 


STYLE 3 
PIN 1. BASE 
2. COLLECTOR 
3. EMITTER 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
I 
11.94 
12.70 
0.00 
D.SOO 


C 
6.35 
1.64 
0.250 
0.340 
D 
0.71 
0.8$ 
0.028 
0.034 


E 
1.27 
1.91 
0.050 
D.075 
F 
24.33 
24.43 
0.958 
0.962 
G 
4.83 
5.33 
0.190 
0.210 
H 
2.41 
2.67 
0.095 
0.105 
J 
14.48 
14.99 
0.57D 
0.590 
• 
9.14 
0.360 
• 


1.21 
0.050 
D 
3.61 
3.86 
0.142 
0.152 


S 
1.89 
- 
D.35D 
T 
3.68 
0.145 
U 
15.75 
0.620 


tf 
-lLJ 


MILLIMETERS 
INCHES 
DIM 
MIN 
IIA' 
MIN 
MAX 
• 
10. 
11.05 
• 
.• 
7.4! 
7.15 
0.295 
'.3115 
C 
7.41 
2.57 
0.095 
D.IDS 
D 
0.51 
..• 
'.020 
0.026 
F 
2.92 
" 


.11 
0.15 
G 
2.31 
2.46 
0.091 
0.097 
H 
2.16 
2.41 
0.085 
0.095 
J 
0.31 
'.64 
0.015 
0.025 
• 
15.31 
16.64 
'.60S 
0.655 
• 
TY1 
TY' 
D 
3.16 
4.01 
0.1" 
0.151 
• 
1.14 
...• 
0.045 
0.055 
'.89 
.. 02 
• 
U 
3.61 
3." 
0.14S 
0.155 
V 
1.02 
- 
0.040 


ELECTRICAL 
CHARACTERISTICS 
(T C = 25°C 
unless 
otherwise 
noted.) 


Ch.rac:teristic 
I 
Symbol 
~. 
Typ 
.~ 
Unit 


Collector-Emitter 
Sustaining Voltage 
VCEOlsu.) 
Vde 


(lC = 10 mA. 
IB = 0) 
MJ4360, 
MJE 13002 
300 
- 
- 
MJ4361, 
MJEI3003 
400 
- 
- 


Collector Cutoff Current 
ICEV 
mAde 


IVCEV 
= Aated 
Value. 
VBEloffl 
= 1.5 Vde) 
- 
- 
1 


IVCEV 
= Aated 
Valu •• VBE(offl 
= 1.5 Vde. 
TC = 100°C) 
- 
- 
5 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
1 
mAde 


IVEB = 9 Vde, 
IC = 01 


See Figure 11 


See Figure 12 


DC Current 
Gain 
hFE 
- 
(lC • 0.5 
Ade, 
V CE = 2 Vde) 
B 
- 
40 


(lC = 1 Ade. 
VCE = 2 Vdel 
5 
- 
25 


Collector-Emitter 
Saturation 
Voltage 
VCElset) 
Vde 


(lC = 0.5 
Ade. 
IB = 0.1 
Ade) 
- 
- 
0.5 


(lC = 1 Ade. 
IB = 0.25 
Adcl 
- 
- 
1 


(lC - 1.5 Ade. 
IB = 0.5 
Ade) 
- 
- 
3 


(lC = 1 Ade.IB 
= 0.25 
Ade, 
TC = 100°C) 
- 
- 
1 


Base-Emitter 
Saturation 
Voltage 
VBElset) 
Vde 
(lC • 0.5 
Ade, 
IB = 0.1 Adcl 
- 
- 
1 


(lC = 1 Ade. 
'B = 0.25 
Ade) 
- 
- 
1.2 


(lC - 1 Ade. 
IB = 0.25 
Ade, 
TC = 100°C) 
- 
- 
1.1 


Current·Gain 
- 
Bandwidth 
Product 
I 
IT 
4 
10 
- 
MHz 
(lC = 100 
mAde. 
VCE 
= 10 Vde, 
I = 1 MHz) 


Output 
Capacitance 
Cob 
- 
21 
- 
pF 


IVCB = 10 Vdc. 
IE = O. I = 0.1 
MHz) 


Aesistive 
Loed 
(Table 
1) 


Delay Time 
IVCC 
= 125 Vde. 
IC = 1 A. 
td 
- 
0.05 
0.1 
IA' 


Rise Time 
IBI = IB2 - 0.2 
A. tp' 
25 IAS. 
t, 
- 
0.5 
1 
IA' 


Storage Time 
Duty 
Cycle 
<; 1%) 
t. 
- 
2 
4 
I'S 


Fall Time 
tl 
- 
0.4 
0.7 
IA' 


Inductive 
Loed. 
Clamped 
(Table 
1. Figu,.'3) 


Storage Time 
(lC = 1 A. Vclamp 
= 300 
Vde. 
tsv 
- 
I 
1.7 
4 
I'S 


Crossover Time 
IBI 
= 0.2 
A, VBEloffl 
= 5 Vde. 
TC = 100°C) 
te 
- 
0.29 
0.75 
IAS 


Fall Time 
tfi 
- 
0.15 
- 
IA' 
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FIGURE 
4 - 
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VR. REVERSE VOLTAGE (VOLTS) 


5V 
R 


NOTE 


PW and VCC Adjusted for C.,lred 
Ie 
AS Adjusted 
for 
Ce.lred 
IS1 


Coil Data: 
Ferroxcube 
Cor. 
#6656 


Full 
Bobbin 
(-200 
Turn,) 
#20 


~ 


RC 


R~ 
TUT 
-{) 
Scope 


0' 


GAP for 
30 mH/2A 


Lcoll· 
50 mH 


Vcc= 
125 V 


AC'" 
12S{l 


01 
"" 1N5820 
or 
Equiv. 


RS 
= 47 n 


Vcc 
-= 20 V 


Vel amp 
- 
300 
Vdc 


LcoilllCpk) 


t1 
== 
VCC 


t2:::::: Lcoil 
OCpk' 
Vctamp 


Test 
Equipment 
Scope·Tektronics 
475 or Equivalent 


tr• tf < 10 ns 
Dutv Cycle - 1.0% 


AS and AC adjusted 
for desired 
IS and Ie 


Ie 
Te 
•••• 
•... 
tfi 
tti 
to 
AMP 
°e 
••• 
••• 
••• 
••• 
••• 
0.5 
25 
1.3 
0.23 
0.30 
0.35 
0.30 
100 
1.6 
0.26 
0.30 
0.40 
0.36 


1 
26 
1.5 
0.10 
0.14 
0.05 
0.16 
100 
1.7 
0.13 
0.26 
0.06 
0.29 
1.5 
25 
1.8 
0.07 
0.10 
0.05 
0.16 
100 
3 
0.08 
0.22 
0.08 
0.28 


In 
resIstIve 
switching 
circuits. 
rise. 
fall. 
and 
storage 


times 
have 
been 
defined 
and 
apply 
to 
both 
current 
and 
voltage 
waveforms 
since 
they 
are 
in 
phase. 
However. 


for 
inductive 
loads 
which 
are common 
to SWITCHMODE 
power 
supplies 
and 
hammer 
drivers. 
current 
and 
voltage 
waveforms 
are not 
in phase. 
Therefore. 
separate 
measure- 


ments 
must 
be 
made 
on 
each 
waveform 
to 
determine 


the 
total 
switching 
time. 
For 
this 
reason. 
the 
following 
new terms 
have been defined. 


tsv = Voltage 
Storage 
Time. 
90% IBI to 10% Vc1amp 
trv = Voltage 
Rise Time. 
10-90% 
Vc1amp 
tfi 
= Current 
Fall Time. 
90-10% 
IC 
tti 
= Current 
Tail. 
10-2% 
IC 


tc 
= Crossover 
Time. 
10% Vclamp 
to 10% IC 
An enlarged 
portion 
of the inductive 
switching 
waveforms 


is shown 
in Figure 
7 to aid in the visual 
identity 
of these 


terms. 


For 
the 
designer, 
there 
is 
minimal 
switching 
loss 
during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses 
occur 
during 
the 
crossover 
interval 
and 
can be obtained 
using the standard 
equation 
from 
AN-222: 


PSWT = 1/2 Vcclcltclf 
In general, 
trv + tfi = tc' 
However. 
at lower 
test currents 
this relationship 
may not be valid. 


As is common 
with 
most 
switching 
transistors, 
resistive 
switching 
is specified 
at 
2SoC 
and 
has become 
a bench· 


mark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency converter circuits, the user oriented specifica- 
tions 
which 
make 
this 
a "SWITCH MODE" 
transistor 
are 
the 
inductive 
switching 
speeds 
(tc 
and 
tsv) 
which 
are 


guaranteed 
at 1000C. 
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FORWARD 
BIAS 
There 
are two limitations 
on the power 
handling 
ability 
of a transistor: 
average 
junction 
temperature 
and second 
breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC- VCE 
limits 
of the 
transistor 
that 
must 
be observed 
for reliable 
operation; 
i.e., 
the 
transistor 
must 
not 
be subjected 
to 
greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of Figure 
11 is based 
on TC = 250C; TJ(pk) 
is variable 
depending 
on power 
hive!. Second 
breakdown 
pulse 
limits 
are valid for duty 
cycles 
to 10% but 
must 
be 
derated 
when 
TC ;;. 250C. 
Second 
breakdown 
limitations 
do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 
current 
at the voltages 
shown 
on Figure 
11 may be found 
at 
any 
case 
temperature 
by using 
the 
appropriate 
curve 
on Figure 
13. 


TJ(pk) 
may 
be calculated 
from 
the data 
in Figure 
10. 


At high case temperatures, 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
·to values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS' 


For 
inductive 
loads, 
high 
voltage 
and 
high 
current 
must 
be 
sustained 
simultaneously 
during 
turn·off, 
in 
most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 
Under 
these 
conditions 
the 
collector 
voltage 
must 
be held 
to a safe level at or below 
a specific 
value of 
collector 
current. 
This 
can 
be 
accomplished 
by 
several 
means 
such 
as active 
clamping, 
RC snubbing, 
load 
line 
shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 


as 
Reverse 
Bias Safe 
Operating 
Area 
and 
represents 
the 
voltage-current conditions during reversebiased turn-off. 
This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the device 
is never subjected 
to an avalanche 
mode. 
Figure 


12 gives RBSOA 
characteristics. 
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SWITCHMODE~ 
SERIES 
NPN SILICON 
POWER TRANSISTORS 


These devices 
are designed 
for high-voltage, 
high-speed 
power 
switch- 


ing inductive 
circuits 
where 
fall tirne is critical. 
They 
are particularly 
suited 
for 115 and 220 V SWITCHMODE 
applications 
such as Switch- 


ing Regulator's, 
Inverters, 
Motor 
Controls, 
Solenoid 
f Relay 
drivers 
and Deflection 
circuits. 


• 
VCEO(sus) 
400 
V and 300 V 


• 
Reverse 
Bias SOA with 
Inductive 
Loads 
@ TC = 1000C 


• 
Inductive 
Switching 
Matrix 
2 to 4 Amp, 
25 and loooC 


... 
tc 
@ 3A, 1000C 
is 180 ns (Typ) 


• 
700V 
Blocking 
Capability 


• 
SOA and Switching 
Applications 
Information. 


MAXIMUM 
RATINGS 
MJ4380 
MJ4381 
Rating 
Symbol 
MJE13004 
MJE13005 
Unit 


COllector-Emitter 
Voltage 
VCEOlsus) 
300 
400 
Vdc 


Collector-Em 
itter 
Voltage 
VCEV 
600 
700 
Vdc 


Emitter 
Base Voltage 
VEBO 
9 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
4 
Adc 


- Peak (1) 
ICM 
8 


Base Current 
- 
Continuous 
IB 
2 
Adc 


- Peak (1) 
IBM 
4 


Emitter 
Current 
- 
Continuous 
IE 
6 
Adc 
- Peak (1) 
IEM 
12 


Total 
Power 
Oissipation@TA 
- 2SoC 
Po 
2 
Watts 
Derate 
above 
2SoC 
16 
mW/oC 


Total Power Dissipation@Tc=250C 
Po 
75 
Watts 
Derate above 2SoC 
600 
mW/oC 


Operating 
and 
Storage 
Junction 
TJ.Tstg 
-65 to +150 
°c 
Temperature 
Range 
THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
RBJC 
1.67 
°C/W 
Thermal Resistance, Junction 
to 
RBJA 
62.5 
°C/W 
Ambient 
Maximum lead Temperature 
for 
TL 
275 
°c 
Soldering 
Purposes: lIS" 
from Case 
for 5 Seconds 


(1) Pulse 
Test: 
Pulse 
Width 
=: 5 ms, 
Duty 
Cycle 
..- 10%. 


Designer's 
Data 
for 
"Worst 
Case" 
Conditions 
The Designers-i> Data Sheet permits 
the design 
of most circuits 
entirely 
from 
the 
information 
presented. 
Limit 
dat, 
- 
representing 
device 
characteristics 
boundaries 
-are 
given to facilitate"worst 
case" design. 


MJE13004· 
MJ4380 
MJE1300 5· MJ4381 


4AMPERE 


NPN SILICON 
POWER TRANSISTORS 


~ 


--u 


P 
--8-- 
C 
~ -----1 
I I 
-, 


E 
_ 
0 
K 
ic=t 
SEATING 
PLANE 
I 


~ 
-~J- 


STYLE 
I: 


PIN 
I. 8ASE 


2. EMITTER 


CASE: 
COllECTOR 


MilLIMETERS 
INCHES 
DIM 
MI. 
MAX 
MI. 
MAX 
B 
11.94 
12.70 
0.410 
0.500 


C 
6.3S 
B.64 
0.250 
0.340 


0 
0.11 
0.B6 
0.D2B 
0.034 


E 
1.27 
1.91 
0.050 
0.075 


F 
24.33 
24.43 
0.958 
0.962 


G 
4.B3 
5.33 
0.190 
0.210 


H 
2.41 
2.67 
0.095 
0.105 
J 
14.48 
14.99 
0.570 
0.590 
K 
9.14 
0.360 
P 
1.27 
0.050 
Q 
3.61 
3.6' 
0.142 
0.152 


S 
8.89 
- 
0.350 


T 
3.6B 
0.145 
U 
15.15 
0.620 


MILLIMETERS 
DIM 
MI' 
MA' 
MA' 
A 
15.11 
1.15 
0.620 
• 
9.65 
10.29 


C 
'.06 
4.82 
0.190 
0 
0.54 
0.89 
0.035 


F 
3.61 
3.13 
0.141 


G 
2.41 
2.61 
0.10S 


H 
2.19 
3.311 
0.130 
J 
0.36 
0.5& 
0022 
K 
12.70 
14.21 
0.562 


l 
1.14 
1.27 
0050 
• 
4.83 
5.JJ 
0.210 
CASE 221A-<l2 
0 
2S< 
3.04 
0.120 


" 


2.04 
2.79 
0.\10 
TO-220AB 
S 
1.14 
1.39 
0.055 
T 
5.91 
6.48 
0.255 


U 
0.16 
1.21 
0.050 
1.14 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
Vde 


(lC: 
10mA,IB 
=0) 
MJ4380, MJE13004 
300 
- 
- 


MJ4381, MJE13005 
400 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 


IVCEV 
= Raled Value, VBEloff) 
= 1.5 Vdel 
- 
- 
1 
IVCEV 
= Raled Value, VBElolfi 
= 1.5 Vde, TC = lOOoCI 
- 
- 
5 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
1 
mAdc 


IVEB 
= 9 Vde, IC = 0) 


See Figure 11 


See Figure 12 


Second Breakdown 
Collector 
Current with base forward 
biased 


Clamped 
Inductive 
SOA with Base Reverse Biased 


DC Current 
Gain 
hFE 
- 


(lc 
= 1 Ade, VCE = 5 Vdel 
10 
- 
60 
(lC = 2 Ade, VCE = 5 Vdc) 
8 
- 
40 


Collector-Emitter 
Saturation 
Voltage 
VCE(sall 
Vde 


(lC' 
1 Adc, IB = 0.2 Add 
- 
- 
0.5 


(lC • 2 Ade, IB = 0.5 Ade) 
- 
- 
0.6 


(lC • 4 Adc, IB • 1 Ade) 
- 
- 
1 


(lC = 2 Adc, IB = 0.5 Ade, TC = lOOoCI 
- 
- 
1 


Base-Emitter 
Saturation 
Voltage 
V8EIsali 
Vde 


(lC = 1 Ade, IB = 0.2 Ade) 
- 
- 
1.2 


(lC • 2 Ade, IB = 0.5 Add 
- 
- 
1.6 


(lC· 
2 Ade, IB = 0.5 Ade, TC: 
lOOOC) 
- 
- 
1.5 


Current-Gain 
- 
Bandwidth 
Product 
IT 
4 
- 
- 
MHz 


(lc = 500 mAde, VCE = 10 Vde, I = 1 MHzl 


Output 
Capacitance 
Cob 
- 
65 
- 
pF 


(VCB ·10 Vde,IE 
= 0, f = 0.1 MHz) 


Resistive Load (Table 2) 


Delay Time 
IVCC = 125 Vde, IC = 2 A, 
'd 
- 
0.025 
0.1 
'" 
Rise Time 
IBI 
= IB2 = 0.4 A, Ip = 25 ~s, 
t, 
- 
0.3 
0.7 
'" 
Storage T ,me 
Duty 
Cycle ~ 1%) 
's 
- 
1.7 
4 
'" 


Fall Time 
If 
- 
0.4 
0.9 
'" 


Inductive 
Load. Clamped 
(Table 2, Figure 131 
. 


Voltage 
Storage Time 
(lC = 2 A, Vclamp = 300 Vde, 
I$V 
- 
0.9 
4 
'" 


Crossover Time 
IBI 
= 0.4 A, VBEloff) 
= 5 Vde, TC = lOOoC) 
'e 
- 
0.32 
0.9 
~s 


Fall Time 
tfi 
- 
0.16 
- 
~s 
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Ie 
Te 
tSY 
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°e 
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In 
resistive switching circuits, 
rise, fall, 
and storage 
times have been defined and apply to both current and 
voltage 
waveforms 
since they 
are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms 
are not in phase. 
Therefore, 
separate 
mt:asure· 
ments 
must 
be made 
on 
each 
waveform 
to 
determine 
the total 
switching time. For this reason, the following 
new terms have been defined. 
tsv = Voltage Storage Time, 90% IS1 to 10% Vclamp 
trY = Voltage Rise Time, 10-90% 
Velamp 
tfi 
= Current Fall Time, 90-10% 
IC 
tti 
= Current Tail, 10-2% 
IC 
tc 
= CrossoverTime, 10% Velamp to 10% IC 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 
For 
the 
designer, there 
is minimal 
switching 
loss 
during 
storage 
time 
and 
the 
predominant 
switching 


power 
losses occur 
during 
the 
crossover interval 
and 
can beobtained using the standard equation from AN·222: 
PSWT= 1/2 VCCIC(tc)f 


In general, 
trv 
+ tfi ~ 
tc' 
However, 
at 
lower 
test currents 
this relationship may not be valid. 


As is common 
with 
most 
switching 
transistors, 
resistive 
switching is specified at 250C and has become a bench- 
mark 
for 
designers. However, 
for 
designers of 
high 


frequency 
converter 
circuits, 
the 
user 
oriented 
specifica- 


tions which make this a "SWITCHMODE" 
transistor are 
the 
inductive 
switching 
speeds (tc and tsv) which are 
guaranteedat 1000C. 
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The Safe Operating 
Area Figures 11 and 12 are 


specified 
ratings for these 
devices 
under the test 
conditions 
shown. 
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FORWARD 
BIAS 


There 
are two limitations 
on the power 
handling 
ability 


of a transistor: average junction temperature and second 
breakdown. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 


limits 
of the 
transistor 
that 
must 
be observed 
for reliable 
operation; 
i.e .. the 
transistor 
must 
not 
be subjected 
to 
greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of 
Figure 
11 is based 
on TC = 250C; 
TJ(pkl 
is variable 
depending 
on power 
level. Second 
breakdown 
pulse 
limits 
are valid for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ;;. 250C. 
Second 
breakdown 
limitations 


do 
not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 
current 
at the voltages 
shown 
on Figure 
11 may be found 
at any case temperature 
by using the appropriate curve 


on Figure 
13. 
TJ(pkl 
may 
be calculated 
from 
the data 
in Figure 
10. 


At high case temperatures, 
thermal 
limitations 
will reduce 


the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 


REVERSE 
BIAS 
For 
inductive 
loads, 
high 
voltage 
and 
high 
current 
must 
be 
sustained 
simultaneously 
during 
turn·off, 
in 
most 
cases, with 
the 
base to emitter 
junction 
reverse 
biased. 
Under 
these 
conditions 
the 
collector 
voltage 


must 
be held 
to a safe level at or below 
a specific 
value of 
collector 
current. 
This 
can 
be 
accomplished 
by 
several 


means 
such 
as active 
clamping, 
RC snubbing, 
load 
line 
shaping, 
etc. 
The 
safe 
level for 
these 
devices 
is specified 


as 
Reverse 
Bias Safe 
Operating 
Area 
and 
represents 
the 
voltage-current conditions during reverse biased turn-off. 
This 
rating 
is verified 
under 
clamped 
conditions 
so that 
the device is never subjected to an avalanche mode. Figure 


12 gives the complete 
RBSOA 
characteristics. 
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® MOTOROLA 


SWITCHMODEA 
SERI ES 
NPN SILICON 
POWER TRANSISTORS 


The 
MJE13006 
and 
MJE13007 
are 
designed 
for 
high-voltage, 
high-speed 
power 
switching 
inductive 
circuits 
where 
fall 
time 
is 


critical. 
They 
are 
particularly 
suited 
for 
115 
and 
220 
V switch- 
mode 
applications 
such 
as Switching 
Regulators, 
Inverters, 
Motor 
Controls, 
Solenoid/Relay 
drivers 
and D.eflection 
circuits. 


SPECIFICATION 
FEATURES: 


• 
VCEO(sus) 
400 V and 300 V 


• 
Reverse 
Bias SOA with 
Inductive 
Loads 
@ TC = 100°C 


• 
Inductive 
Switching 
Matrix 
3 to 8 Amp, 
25 and 100°C 


... 
tc 
@ 5A, 100°C 
is 136 ns (Typ). 


• 
700 V Blocking 
Capability 


• 
SOA and Switching 
Applications 
Information. 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MJE13006 
MJE13007 
Unit 


Collector-Emitter 
Voltage 
VCEOlsusl 
300 
400 
Vdc 


Collector· Emitter 
Voltage 
VCEV 
600 
700 
Vdc 


Emitter 
Base Voltage 
VEBO 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
8 
Adc 


- Peak 111 
ICM 
16 


Base Current 
- 
Continuous 
18 
4 
Adc 
- Peak (I) 
IBM 
8 


Emitter 
Current 
- 
Continuous 
IE 
12 
Adc 
- Peak (1) 
IEM 
24 


Total 
Power 
Dissipation@TA 
- 25°C 
Po 
2 
Watts 
Derate above 2SoC 
16 
mW/oC 


Total Power Dissipation@Tc::2SDC 
Po 
llU 
Watts 
Derate 
above 
2SoC 
640 
mW/oC 


Operating and Storage Junction 
TJ,Tstg 
-65 to +150 
°c 
Temperature 
Range 
THERMAL 
CHARACTERISTICS 


Characteristic 
Svmbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
ROJC 
1.56 
°C/W 


Thermal 
Resistance, 
Junction 
to 
ROJA 
62.5 
uC/W 


Ambient 


Maximum 
Lead Temperature 
for 
TL 
275 
°c 
Soldering Purposes: l/S" from Case 
for 5 Seconds 


(1) Pulse Test: 
Pulse Width = 5 ms, Duty Cycle"'; 
10%. 


MJE13006 
MJE13007 


8 AMPERE 
NPN SILICON 
POWER TRANSISTORS 


300 and 400 VOLTS 
80 WATTS 


Designer's 
Data for 
"Worst 
Case" 
Conditions 


The 
Designers· 
Data 
Sheet 
per· 
mits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
pre· 
sented. 
Limit 
data 
- 
representing 
device 
characteristics 
boundaries 
- 
are 
given 
to facilitate 
"worst 
case" 


design. 


=1rf 


s 
c 
I-~ 


A 
W 
bi. 


-I I!-R 


--H--J 


STYlE 
1: 


PIN 
I. 
BASE 
2. 
COllECTOR 
3. 
EMlnER 
4. 
COllECTOR 


MilliMETERS 
INCHES 
DIM 
MI' 
MAX 
MI' 
MAX 
A 
15.11 
15.75 
0.595 
0.620 
B 
9.7B 
10.03 
0.395 
0.39S 


C 
4.06 
4.82 
0.160 
0.190 
0 
0.64 
0.89 
0.025 
0.035 
F 
3.61 
3.73 
0.142 
0.147 


G 
2.41 
2.67 
0.095 
0.105 
H 
2.79 
3.30 
0.110 
0.130 
J 
0.36 
0.S6 
0.014 
0.022 
K 
12.70 
14.27 
O.SOO 
0.S62 
l 
1.14 
1.27 
0.045 
0.050 
• 
4.83 
S.33 
0.190 
0.210 
Q 
2.54 
3.04 
0.100 
0.120 
R 
2.04 
2.79 
D.OBO 
0.110 
S 
1.14 
1.39 
0.()45 
0.055 
T 
5.97 
6.48 
0.235 
0.255 


U 
0.76 
1.27 
0.030 
D.OSO 


Symbol 
- ~~ 
__ 
T_Y_P__ 
~ 


Collector-Emitter 
Sustaining Voltage 
VCEOlsusl 
Vdc 


(lC= 
10mA,Is 
=01 
MJEI3006 
300 
- 
- 


MJEI3007 
400 
- 
- 


Collector 
Cutoff 
Current 
ICEV 
mAdc 


IVCEV 
= Raled 
Value, 
VSEloff) 
= 1.5 Vdc) 
- 
- 
1 


IVCEV = Raled 
Value, 
VSE(olf) 
= 1.5 Vdc, TC = 100°C) 
- 
- 
5 


Emitter 
Cutoff 
Current 
IESO 
- 
- 
1 
mAdc 


(VES 
= 9 Vdc, 
IC = 01 


SECOND 
SREAKDOWN 


Second Breakdown 
Collector 
Current with base forward biased 


Clamped 
Inductive SOA with Base Reverse Biased 


See Figure 1 


See Figure 2 


DC Current Gain 
hFE 
- 


(lC = 2 Adc, VCE = 5 Vde) 
S 
- 
40 


(lC = 5 Adc, VCE = 5 Vde) 
6 
- 
30 


Collector-Emitter 
Saturation 
Voltage 
VCE(sal) 
Vdc 


(lC = 2 Adc, IS = 0.4 Adel 
- 
- 
1 


(lC = 5 Adc, IS = 1 Adcl 
- 
- 
1.5 


(lC = 8 Adc, 
IS = 2 Adc! 
- 
- 
3 


(lC = 5 Adc, 
IS = 1 Adc. TC = 100°C) 
- 
- 
2 


Base-Emitter 
Saturation 
Voltage 
VSElsatl 
Vdc 


(lC = 2 Adc, IS = 0.4 Adel 
- 
- 
1.2 


(lC = 5 Adc, 
IS = 1 Adc) 
- 
- 
1.6 


(lC = 5 Adc, 
IS' 
1 Adc, TC = 100°C) 
- 
- 
1.5 


Current-Gain 
- 
Bandwidth 
Product 
IT 
4 
- 
- 
MHz 


(lc 
= 500 mAde, 
VCE = 10 Vdc. 1=1 
MHzl 


Output 
Capacitance 
Cob 
- 
110 
- 
pF 


IVCS ·10 
Vdc, 
IE = 0, I = 0.1 MHz! 


Resistive Load (Table 
1) 


Delay Time 
(VCC = 125 Vdc. 
IC = 5 A. 
Id 
- 
0.05 
0.1 
,,, 


Rise Time 
ISI = IS2 = 1 A. Ip = 25 "s, 
I, 
- 
0.5 
1 
"s 


Storage Time 
Duty 
Cycle'- 
1%1 
Is 
- 
1 
3 
"s 


Fall Time 
II 
- 
0.15 
0.7 
"s 


Inductive 
Load, Clamped 
(Table 
1, Figure 131 


Voltage 
Storage Timel 
(Ie"" 
5 A. Vclamp 
""300 Vdc, 
Is. 
- 
0.86 
2.3 
·"s 


Crossover Time 
IS1 = 1 A, VSE(olfl 
= 5 Vdc. TC = 100°C! 
tc 
- 
0.14 
0.7 
I 
"s 
. 
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There 
are two limitations 
on the power 
handling 
ability 
of a transistor: 
average 
junction 
temperature 
and second 
breakdown. 
Safe 
operating 
area curves 
indicate 
IC-VCE 
limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 
operation; 
i.e., 
the 
transistor 
must 
not 
be subjected 
to 
greater 
dissipation 
than 
the curves 
indicate. 


The 
data 
of 
Figure 
1 is based 
on TC = 250C; 
TJ (pk) 
is variable 
depending 
on power 
level. 
Second 
breakdown 
pulse 
limits 
are valid for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ;;;. 250C. 
Second 
breakdown 
limitations 
do not 
derate 
the 
same 
as thermal 
limitations. 
Allowable 
current 
at the 
voltages 
shown 
on 
Figure 
1 may 
be found 
at any case temperature 
by using the appropriate 
curve 
on 
Figure 
3. 


TJ(pk) 
may 
be calculated 
from 
the 
data 
in Figure 
4. 
At high case temperatures, 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
to 
values 
less than 
the 
limitations 
imposed 
by second 
breakdown. 
Use of reverse 
biased 
safe operating 
area data (Figure 
2) 
is discussed 
in the applications 
information 
section. 
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VR. REVERSE VOLTAGE (VOLTS) 


-5V 
R 


Coil 
Data: 


Ferroxcube 
Core 
#6656 


Full Bobbin (-16 
Turns) 
#16 


Vclamp 
1.Selected 
for;;" 
1 k V 


GAP 
for 200 
jJ.H/20A 


LeoH:I 
200 
JJ.H 


Vcc'" 
20 V 


Vclamp'"' 
300 
Vdc 


Vcc'" 
125 
V 
RC' 
24.7 n 
01 
'" , N5820 
or Equiv. 


RS,'0n 


Lead (Iepk) 


" 
~ 
VCC 


Lead (lepk' 


'2 ~ 
Vel amp 


Test 
Equipment 


Scope 
- 
Tektronix 


475 
or 
Equivalent 


tr. 
tf < 10 ns 
Duty 
Cycle:: 
1.0% 


AS and 
RC adjusted 


for 
desired 
Ie and Ie 


The 
primary 
considerations 
when 
selecting 
a power 
transistor 
for 
SWITCHMODE 
applications 
are 
voltage 
and 
current 
ratings, 
switching 
speed, 
and 
energy 
handling 
capability. 
In 
this 
section, 
these 
specifications 
will 
be 
discussed 
and 
re.lated 
to 
the 
circuit 
examples 
illustrated 
in Table 
2.(1) 


VOLTAGE 
REQUIREMENTS 


Both 
blocking 
voltage 
and 
sustaining 
voltage 
are 
important 
in SWITCHMODE 
applications. 
Circuits 
Band 
C 
in 
Table 
2 
illustrate 
applications 
that 
require 
high 
blocking 
voltage 
capability. 
In 
both 
circuits 
the 
switching 
transistor 
is subjected 
to 
voltages 
substantially 
higher 
than 
VCC 
after 
the 
device 
is com· 
pletely 
off 
(see 
load 
line 
diagrams 
at 
IC = I,eakage 
'" 0 
in Table 
2). The 
blocking 
capability 
at this point 
depends 
on the 
base to emitter 
conditions 
and the device 
junction 
temperature. 
Since 
the 
highest 
device 
capability 
occurs 
when 
the 
base 
to 
emitter 
junction 
is 
reverse 
biased 
(VCEV), 
this 
is 
the 
recommended 
and 
specified 
use 


(1) 
For detailed 
information 
on specific switching applications, 
see Motorola Application Notes AN·719, 
AN·737. 
AN-767. 
AN·752 
and Engineering Bulletins EB-39, ES-.6S. 


condition. 
Maximum 
ICEV 
at 
rated 
VCEV 
is specified 
at a relatively 
low 
reverse 
bias (1.5 
Volts) 
both 
at 250C 
and 
1000C. 
Increasing 
the 
reverse 
bias 
will 
give 
some 
improvement 
in device 
blocking 
capability. 
The 
sustaining 
or 
active 
region 
voltage 
requirements 
in switching 
applications 
occur 
during 
turn-on 
and turn- 


off. 
If the load contains 
a significant 
capacitive 
component, 


high 
current 
and 
voltage 
can exist 
simultaneously 
during 
turn-on 
and 
the 
pulsed 
forward 
bias 
SOA 
curves 
(Fig· 


ure 
1) are the proper 
design 
limits. 


For 
inductive 
loads, 
high voltage 
and 
current 
must 
be 


sustained 
simultaneously 
during 
turn·off, 
in most 
cases, 


with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 
Under 
these 
conditions 
the 
collector 
voltage 
must 
be held 
to a 


safe 
level at or below 
a specific 
value of collector 
current. 


This 
can 
be accompl 
ished 
by several 
means 
such as active 
clamping, 
RC snubbing, 
load 
line 
shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 
as a Reverse 
Bias Safe 


Operating 
Area 
(Figure 
2) 
which 
represents 
voltage- 


current 
conditions 
that 
can 
be sustained 
during 
reverse 
biased 
turn-off. 
This 
rating 
is 
verified 
under 
clamped 
conditions 
so 
that 
the 
device 
is never 
subjected 
to 
an 
avalanche 
mode. 


In the 
four 
application 
examples 
(Table 
2) load 
lines 
are 
shown 
in relation 
to 
the 
pulsed 
forward 
and 
reverse 
biased 
SOA curves. 


In circuits 
A and 
D, inductive 
reactance 
is clamped 
by 
the 
diodes 
shown. 
In 
circuits 
Band 
C the 
voltage 
is 
clamped 
by 
the 
output 
rectifiers, 
however, 
the 
voltage 
induced 
in the 
primary 
leakage 
inductance 
is not clamped 
by these 
diodes 
and 
could 
be large enough 
to destroy 
the 
device. 
A snubber 
network 
or 
an additional 
clamp 
may 
be 
required 
to 
keep 
the 
turn·off 
load 
line 
within 
the 
Reverse 
Bias SOA curve. 
Load 
lines 
that 
fall within 
the 
pulsed 
forward 
biased 
SOA 
curve 
during 
turn-on 
and 
within 
the 
reverse 
bias 
SOA 
curve 
during 
turn-off 
are 
considered 
safe, 
with 
the 
following 
assumptions: 


(1) 
The device 
thermal 
limitations 
are not exceeded. 


(2) 
The 
turn-on 
time 
does 
not 
exceed 
10 /-is (see stan- 
dard 
pulsed 
forward 
SOA curves 
in Figure 
1). 


(3) 
The base drive conditions 
are within 
the specified 
limits 
shown 
on 
the 
Reverse 
Bias 
SOA 
curve 
(Figure 
2). 


CURRENT 
REOUIREMENTS 


An 
efficient 
switching 
transistor 
must 
operate 
at the 
required 
current 
level 
with 
good 
fall 
time, 
high 
energy 


handling 
capability 
and 
low 
saturation 
voltage. 
On this 
data 
sheet, 
these. 
parameters 
have 
been 
specified 
at 
5 
amperes 
which 
represents 
typical 
design 
conditions 
for 
these 
devices. 
The 
current 
drive 
requirements 
are usually 
dictated 
by the 
VCE(sat) 
specification 
because 
the 
maxi- 
mum 
saturation 
voltage 
is specified 
at 
a 
forced 
gain 
condition 
which 
must 
be duplicated 
or 
exceeded 
in the 
application 
to control 
the saturation 
voltage. 


SWITCHING 
REOUIREMENTS 


In many 
switching 
applications, 
a major 
portion 
of the 
transistor 
power 
dissipation 
occurs 
during 
the 
fall 
time 
(tfi)' 
For this reason 
considerable 
effort 
is usually 
devoted 
to 
reducing 
the 
fall 
time. 
The 
recommended 
way 
to 
accomplish 
this 
is to reverse 
bias the base-emitter 
junction 
during 
turn-off. 
The 
reverse 
biased 
switching 
character- 
istics 
for 
inductive 
loads 
are 
discussed 
in Figure 
11 and 
Table 
3 and 
resistive 
loads 
in Figures 
13 and 
14. Usually 
the 
inductive 
load 
component 
will 
be 
the 
dominant 
factor 
in 
SWITCHMODE 
applications 
and 
the 
inductive 
switching 
data 
will 
more 
closely 
represent 
the 
device 
performance 
in actual 
application. 
The 
inductive 
switch- 
ing characteristics 
are derived 
from 
the 
same 
circuit 
used 
to 
specify 
the 
reverse 
biased 
SOA 
curves, 
(See 
Table 
1) 
providing 
correlation 
between 
test 
procedures 
and 
actual 


use conditions. 
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, 1 


Turn-Off 
(Reverse 
Bias) SOA 


1.5 V 
"VBE(Off) 
"9.0 
V 
Duty 
Cycle" 
10% 


Notes: 


. CD 
MJE13007 
Voltage 
Ratings 
(VCEO(sus) 
and VCEV) 
are Shown, 


MJE 13006 
Ratings 
are 100 V Lower. 
® See AN-569 
for 
Pulse Power 
Derating 
Procedure. 


• 
~I f 
~o 
VCC 
III~ 
SA 
N· 
B 


B 
.! 
0u 


./ 
Turn·On 
(Forward 
Bias) SOA 
16A----,...........- 
ton<;10ps 


\ 
DutyCycle"10% 


T C - 
100°C 
--\ 
P 
• 
3200W '2' 
t 
\ 
D 
\t;.I 
[P~ '" 
300 
V 
Turn-Off 
(Reverse 
Bias) SOA 


~ 
SA 
~ 
1.5 V '" 
VBE(off) 
<: 9.0 
V 
o 
Duty 
Cycle'" 
10% 


III 
Vo i 
I 


VCC 


) 


VCC 


Solenoid 


Notes: 


CD 
MJE13007 
Voltage 
Ratings 
(VCEO(sus) 
and VCEV) 
Are Shown, 
MJE 13006 
Ratings 
Are 
100 V Lower. 
® See AN·569 
For Pulse Power 
Derating 
Procedure 


Notes: 
CD 
MJE13007 
Voltage 
Ratings 
(VCEO(sus) 
and VCEvl 
Are Shown, 


MJE 13006 
Ratings 
Are 
100 V Lower. 


@> See AN-569 
for 
Pulse Power 
Derating 
Procedure. 


Turn-On 
(Forward 
Bias) SOA 
16A - - - 
- 
.."...............ton" 
10 j.ls 


\ 
Duty 
Cycle" 
10% 


TC - 
100°C 
~ 
PO' 
3200W 
® 


~ 
\" 
300 
V 
Turn-Off 
(Reverse 
BiasI SOA 


~ 
SA 
1.5 V " 
VBE(off) 
<: 9.0 
V 
8 
Duty 
Cycle'" 
10% 


Notes: 
Collector 
Voltage 
<D 
MJE13007 
Voltage 
Ratings 
(VCEO(sus) 
and VCEV) 
Are Shown, 
MJE13006 
Ratings 
Are 
100 V Lower. 
@ 
See AN-569 
for 
Pulse Power 
Derating 
Procedure. 
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I 
.:: 
'off 
~-_ 
. 


Leakage 
Spike 
VCE 
/' 
~~~:)I: 
-------fl 
CLJ~ 


IC~Off 


'on 
• 
VCEm 


vcc 


VCC 


• 


'lf1:. 


VCE 
vcch 
IL-l 
LU 
. 


Ie 
Te 
'sv 
'rY 
tfi 
Iti 
'0 
AMP 
°e 
ns 
ns 
ns 
ns 
ns 


3 
25 
730 
, ,5 
'00 
,,0 
200 
'00 
'000 
'50 
'00 
,50 
250 


5 
25 
600 
60 
23 
4 
85 
'00 
860 
84 
50 
'0 
'36 
8 
25 
650 
25 
26 
4 
42 
'00 
880 
52 
80 
20 
'60 


In resistive 
switching 
circuits, 
rise, fall, and 
storage 
times 


have 
been 
defined 
and 
apply 
to both 
current 
and voltage 
waveforms 
since 
they 
are in phase. 
However, 
for inductive 


loads 
which 
are 
common 
to 
SWITCHMOOE 
power 
suppl ies and 
hammer 
drivers, 
current 
and 
voltage 
wave· 


forms 
are not 
in phase. 
Therefore, 
separate 
measurements 
must 
be 
made 
on 
each 
waveform 
to determine 
the 
total 
switching 
time. 
For this 
reason, 
the 
following 
new terms 


have been 
defined. 


tsv = Voltage 
Storage 
Time, 
90% IB1 to 10% Vclamp 
trY = Voltage 
Rise Time, 
10-90% 
Vclamp 
tfi 
= Current 
Fall Time, 
90-10% 
IC 
tti 
= Current 
Tail, 10-2% 
IC 
tc 
= Crossover 
Time, 
10% Vclamp 
to 10% IC 


An enlarged 
portion 
of the turn·off 
waveforms 
is shown 
in 
Figure 
13 
to 
aid 
in the 
visual 
identity 
of 
these 
terms. 


For 
the 
designer, 
there 
is minimal 
switching 
loss 
during 
storage 
time 
and the 
predominant 
switching 
power 
losses 
occur 
during 
the 
crossover 
interval 
and 
can 
be obtained 
using the standard 
equation 
from 
AN·222: 
PSWT = 1/2 VCCIC(tc! 
f 
Typical 
inductive 
switching 
waveforms 
are 
shown 
in 
Figure 
14. 
In general, 
trv + tfi "" tc' 
However, 
at lower 
test 
currents 
this relationship 
may not be valid. 


As is common 
with most switching 
transistors, 
resistive 
switching 
is specified 
at 25"C and has become 
a benchmark 


for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter circuits, the user oriented specifications which 
make 
this a "SWITCHMODE" 
transistor 
are the inductive 
switching 
speeds 
(tc 
and 
tsv) 
which 
are 
guaranteed 
at 
1000C. 


® MOTOROLA 


SWITCHMODEA 
SER IES 
NPN SILICON 
POWER TRANSISTORS 


The 
MJE13OO8 
and 
MJE13009 
are 
designed 
for 
high-voltage, 
high-speed 
power 
switching 
inductive 
circuits 
where 
fall 
time 
is 
critical. 
They 
are 
particularly 
su ited 
for 
115 
and 
220 
V switch- 
mode 
applications 
such 
as Switching 
Regulators, 
Inverters, 
Motor 
Controls, 
Solenoid/Relay 
drivers 
and Deflectioncircuits. 


• 
VCEO(sus) 
400 V and 300 V 


• 
Reverse 
8ias SOA with 
Inductive 
Loads 
@ TC = lOOoC 


• 
Inductive 
Switching 
Matrix 
3 to 12 Amp, 
25 and lOOoC 
... 
tc @8A, 
lOOoC is 120 ns (Typ). 


• 
700 V 810cking 
Capability 


• 
SOA and Switching 
Applications 
Information. 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MJE13008 I MJE13009 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
300 
I 
400 
Vdc 


COllector-Emitter 
Voltage 
VCEV 
600 
I 
700 
Vdc 


Emitter 
Base Voltage 
VESO 
9 
Vdc 


Collector Current - 
Continuous 
IC 
12 
Adc 


- Peak (11 
ICM 
24 


Base Current 
- 
Continuous 
IS 
6 
Adc 


-Peak 
(1) 
ISM 
12 


Emitter Current - Continuous 
IE 
18 
Adc 
- Peak (1) 
IEM 
36 


Total 
Power 
Dissipation@TA=250C 
Po 
2 
Watts 
Derate 
above 
25°C 
16 
mW'oC 


Total Power Dissipation@Tc"'250C 
Po 
100 
Watts 
Derate above 25°C 
800 
mW!oC 


Operating 
and Storage 
Junction 
TJ,Tstg 
-65 to +t50 
°c 
Temperature 
RanQe 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
R8JC 
1.25 
°C!W 


Thermal 
Resistance, 
Junction 
to 
R8JA 
62.5 
°C!W 
Ambient 


Maximum 
Lead 
Temperature 
for 
TL 
275 
°c 
Soldering Purposes: 1/8" 
from Case 
for 5 Seconds 


(1) Pulse Test: 
Pulse Width: 
5 ms, Outy Cycle" 
10%. 


MJE13008 
MJE13009 


12 AMPERE 
NPN SILICON 
POWER TRANSISTORS 


300 and 400 VOLTS 
100 WATTS 
I~I 


Designer's 
Data for 
"Worst 
Case" 
Conditions 


The 
Designers· 
Data 
Sheet 
per- 


mits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
pre- 
sented. 
Limit 
data 
- 
representing 
device characteristics 
boundaries 
- 
are given 
to facilitate 
"worst 
case" 
design. 


~lrt'~ 
o~ l.- 


N 


STYLE 
1: 


PIN 1. 
BASE 
2. 
COLLECTOR 
3. 
EMtITER 
4. 
COLLECTOR 


NOTE; 


1. DIM. L &: H APPLIES 
TO ALL 
LEADS. 


MilliMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
15.11 
15.75 
0.595 
0.620 
8 
9.78 
10.03 
0.Ja5 
0.395 


C 
4.06 
4.82 
0.160 
0.190 
0 
0.64 
0.89 
0.025 
0.035 
F 
3.61 
3.73 
0.142 
0.147 


G 
2.41 
2.67 
0.095 
0.105 
H 
2.79 
3.30 
0.110 
0.130 
J 
0.36 
0.56 
0.014 
0.022 
K 
12.70 
1427 
0.500 
0.562 
L 
1.14 
1.27 
0.045 
D.OSO 
N 
4.83 
5.33 
0.190 
0.210 
Q 
2.54 
3.04 
0.100 
0.120 
R 
2.04 
2.79 
0.080 
0.110 
S 
1.14 
1.39 
0.045 
0.055 
T 
5.97 
6.48 
0.235 
0.255 
U 
0.76 
1.27 
0.030 
0.050 


Collector-Emitter 
Sustaining Voltage 
VCEO(sus) 
Vde 


(lc=10mA,la=0) 
MJE1300a 
300 
- 
- 


MJE13009 
400 
- 
- 


Collector Cutoff Current 
'CEV 
mAdc 


(VCEV = Raled Value, VaE(off) 
= 1.5 Vde) 
- 
- 
1 


(VCEV = Raled Value, VaE(olf) 
= 1.5 Vde, TC = 100°C) 
- 
- 
5 


Emitter Cutoff Current 
lEaD 
- 
- 
1 
mAdc 


(VEa = 9 Vde, IC = 01 


Second Breakdown Collector Current with base forward biased 


Clamped Inductive SOA with Base Reverse Biased 


See Figure 1 


See Figure 2 


DC Current Gain 
,hFE 
- 


(lC = 5 Adc, VCE = 5 Vde) 
a 
- 
40 
(lC = 8 Ade, VCE = 5 Vde) 
6 
- 
30 


Collector-Emitter 
Saturation Voltage 
VCE(sall 
Vde 


(lC = 5 Ade, la = lAde) 
- 
- 
1 
(lC = 8 Ade,la 
= 1.6 Adc) 
- 
- 
1.5 
(lc = 12 Ade, 'a = 3 Adc) 
- 
- 
3 
(lc = 8 Ade,la 
= 1.6 Ade, TC = 100°C) 
- 
- 
- 
2 


Base-Emitter saturation 
Voltage 
VaE(sal) 
Vde 
(lC = 5 Adc, la = 1 Adel 
- 
- 
1.2 


(lc = 8 Adc,la 
= 1.6 Adel 
- 
- 
1.6 
(lC = 8 Ade, la = 1.6 Ade, TC = 100°C 1 
- 
- 
1.5 


Current-Gain - 
Bandwidth Product 
IT 
4 
- 
- 
MHz 


(lC = 500 mAde, VCE = 10 Vde, f = 1 MHz) 


Output Capacitance 
Cob 
- 
180 
- 
pF 
(VC8 - 10 Vde, IE = 0, f = 0.1 MHz) 


Resistive Load (Table 1) 


Delay Time 
(VCC = 125 Vde, IC = 8 A, 
'd 
- 
0.06 
0.1 
'" 
Rise Time 
lal 
= la2= 
1.6A, 
Ip=25us, 
I, 
- 
0.45 
1 
uS 


Storage TIme 
Duty Cycle'" 
1%1 
Is 
- 
1.3 
3 
us 


Fall Time 
If 
- 
0.2 
0.7 
us 


Inductive Load, Clamped (Table 1, Figure 13) 


Voltage Storage Time I (lC = 8 A, Vclamp = 300 Vdc, 
'sv 
- 
0.92 
2.3 
us 


Crossover Time 
Iial 
= 1.6 A, VaE(off) 
= 5 Vde, TC = 100°C 1 
'e 
- 
0.12 
I 
0.7 
US 


10 
20 
30 
50 
70 
100 
200 
300 


VCE, COLLECTOR - EMITTER VOLTAGE (VOLTS) 
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1.5 V 
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VCEV, COLLECTOR·EMITTER CLAMP VOLTAGE (VOLTS) 


There 
are two limitations 
on the power 
handling 
ability 
of a transistor: 
average 
junction 
temperature 
and second 
breakdown, 
Safe 
operating 
area curves 
indicate 
IC-VCE 
limits 
of the 
transistor 
that 
must 
be observed 
for 
reliable 
operation; 
i,e" 
the 
transistor 
must 
not 
be subjected 
to 
greater 
dissipation 
than 
the curves 
indicate, 


The 
data 
of 
Figure 
1 is based 
on TC = 250C; 
TJ(pk) 
is variable 
depending 
on power 
level. 
Second 
breakdown 
pulse 
limits 
are valid for duty 
cycles 
to 
10% but 
must 
be 
derated 
when 
TC ~ 250C. 
Second 
breakdown 
limitations 
do not 
derate 
the same 
as thermal 
limitations, 
Allowable 
current 
at the 
voltages 
shown 
on Figure 
1 may 
be found 
at any case temperature 
by using the appropriate 
curve on 
Figure 3, 
TJ(pk) 
may 
be calculated 
from 
the 
data 
in Figure 
4 . 
At high case temperatures, 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be 
handled 
to values 
less than 
the 
limitations 
imposed 
by second 
breakdown, 


Use of reverse 
biased 
safe operating 
area data (Figure 
2) 
is discussed 
in the applications 
information 
section, 
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Coil 
Data: 
Ferroxcube Core #6656 
Full Bobbin (-16 Turns) #16 


GAP for 200 
J,lH/20A 


Lcoil::: 
200 
lotH 


Vcc 


L 
MR826" 


Vct.mp 


l·selected 
for> 
1 kV 


5.1 k 


Vcc"" 
20V 


Vclamp" 
300 Vdc 


Vcc:: 
125 
V 
RC 
= 
, 5.4 n 
01 :: 1 "'58200' 
EQu,.... 


RS = 5n 


Test Equipment 
Scope - 
Tektronix 


475 or Equivalent 


tr. 
tf < 10 nl 


Duty 
Cycle'" 
1.0' 


AS .nd 
AC adlulted 
for desIred 
IB .nd 
Ie 


The 
primary 
considerations 
when 
selecting 
a power 
transistor 
for 
SWITCHMODE 
applications 
are 
voltage 
and current 
ratings, 
switching 
speed, 
and 
energy 
handling 
capability. 
In 
this 
section, 
these 
specifications 
will 
be 
discussed 
and 
related 
to 
the 
circuit 
examples 
illustrated 
in Table 
2.(1) 


VOLTAGE 
REQUIREMENTS 


Both 
blocking 
voltage 
and 
sustaining 
voltage 
are 
important 
in SWITCH MODE 
applications. 


Circuits 
Band 
C 
in 
Table 
2 
illustrate 
applications 
that 
require 
high 
blocking 
voltage 
capability. 
In 
both 
circuits 
the 
switching 
transistor 
is subjected 
to 
voltages 
substantially 
higher 
than 
VCC 
after 
the 
device 
is com- 
pletely 
off 
(see 
load 
line 
diagrams 
at 
'C = I'eakage 
'" 0 
in Table 
2). The 
blocking 
capability 
at this point 
depends 
on the 
base to emitter 
conditions 
and the device 
junction 
temperature. 
Since 
the 
highest 
device 
capability 
occurs 
when 
the 
base 
to 
emitter 
junction 
is 
reverse 
biased 
(V CEV l. 
this 
is 
the 
recommended 
and 
specified 
use 


(1) 
For detailed information on specific switching applications, 
see Motorola Application 
Notes AN·719, 
AN·737, 
AN·767, 


AN·752 and Engineering Bulletins EB-39, EB-65. 


condition. 
Maximum 
ICEV 
at 
rated 
VCEV 
is specified 
at a relatively 
low 
reverse 
bias (1.5 
Volts) 
both 
at 250C 
and 
1000C. 
Increasing 
the 
reverse 
bias 
will 
give 
some 
improvement 
in device 
blocking 
capability. 


The 
sustaining 
or 
active 
region 
voltage 
requirements 
in switching 
applications 
occur 
during 
turn-on 
and turn- 
off. 
If the load contains 
a significant 
capacitive 
component, 


high 
current 
and 
voltage 
can exist 
simultaneously 
during 
turn-on 
and 
the 
pulsed 
forward 
bias 
SOA 
~urves 
(Fig- 
ure 
1) are the proper 
design 
limits. 
For 
inductive 
loads, 
high voltage 
and 
current 
must 
be 
sustained 
simultaneously 
during 
turn·off, 
in most 
cases, 
with 
the 
base 
to 
emitter 
junction 
reverse 
biased. 
Under 
these 
conditions 
the 
collector 
voltage 
must 
be held to a 
safe 
level at or below 
a specific 
value of collector 
current. 


This 
can 
be accomplished 
by several 
means 
such 
as active 
clamping, 
RC snubbing, 
load 
line 
shaping, 
etc. 
The 
safe 
level 
for 
these 
devices 
is specified 
as a Reverse 
Bias Safe 
Operating 
Area 
(Figure 
2) 
which 
represents 
voltage' 


current 
conditions 
that 
can 
be sustained 
during 
reverse 
biased 
turn-off. 
This 
rating 
is 
verified 
under 
clamped 
conditions 
so 
that 
the 
device 
is never 
subjected 
to 
an 
avalanche 
mode. 
In the 
four 
application 
examples 
(Table 
2) load 
lines 
are 
shown 
in relation 
to 
the 
pulsed 
forward 
and 
reverse 
biased 
SOA curves. 


In circuits 
A and 
0, 
inductive 
reactance 
is clamped 
by 
the 
diodes 
shown. 
In 
circuits 
Band 
C the 
voltage 
is 
clamped 
by 
the 
output 
rE1Ctifiers, however, 
the 
voltage 
induced 
in the 
primary 
leakage 
in'ductance 
is not clamped 
by these 
diodes 
and 
could 
be large 
enough 
to destroy 
the 
device. 
A snubber 
network 
or 
an 
additional 
clamp 
may 
be 
required 
to 
keep 
the 
turn·off 
load 
line 
within 
the 
Reverse 
Bias SOA curve. 


Load 
lines 
that 
fall 
within 
the 
pulsed 
forward 
biased 
SOA 
curve 
during 
turn·on 
and 
within 
the 
reverse 
bias 
SOA 
curve 
during 
turn'off 
are 
considered 
safe, 
with 
the 
following 
assumptions: 


(1) 
The device 
thermal 
limitations 
are not exceeded. 
(2) 
The 
turn-on 
time 
does 
not 
exceed 
10 IlS (see stan- 
dard 
pulsed 
forward 
SOA curves 
in Figure 
1). 


(3) 
The base drive conditions 
are within 
the specified 
limits 
shown 
on 
the 
Reverse 
Bias 
SOA 
curve 
(Figure 
2). 


CURRENT 
REQUIREMENTS 


An 
efficient 
switching 
transistor 
must 
operate 
at the 
required 
current 
level 
with 
good 
fall time, 
high 
energy 


handling 
capability 
and 
low saturation 
voltage. 
On this 
data 
sheet, 
these 
parameters 
have 
been 
specified 
at 
8 
amperes 
which 
represents 
typical 
design 
conditions 
for 
these 
devices. 
The 
current 
drive 
requirements 
are usually 
dictated 
by the 
VCE(sat) 
specification 
because 
the 
maxi- 
mum 
saturation 
voltage 
is specified 
at 
a 
forced 
gain 
condition' 
which 
must 
be duplicated 
or exceeded 
in the 
application 
to control 
the saturation 
voltage. 


SWITCHING 
REQUIREMENTS 


In many 
switching 
applications, 
a major 
portion 
of the 


transistor 
power 
dissipation 
occurs 
during 
the 
fall 
time 
(tfi). 
For this reason 
considerable 
effort 
is usually 
devoted 
to 
reducing 
the 
fall 
time. 
The 
recommended 
way 
to 
acco")plish 
this 
is to reverse 
bias the 
base-emitter 
junction 
during 
turn-off. 
The 
reverse 
biased 
switchi ng character' 


istics 
for 
inductive 
loads 
are 
discussed 
in Figure 
11 and 
Table 
3 and 
resistive 
loads 
in Figures 
13 and 
14. Usually 
the 
inductive 
load 
component 
will 
be 
the 
dominant 
factor 
in 
SWITCHMODE 
applications 
and 
the 
inductive 
switching 
data 
will 
more 
closely 
represent 
the 
device 
performance 
in actual 
application. 
The 
inductive 
switch- 


ing characteristics 
are derived 
from 
the 
same 
circuit 
used 
to 
specify 
the 
reverse 
biased 
SOA 
curves, 
(See 
Table 
1) 
providing 
correlation 
between 
test 
procedures 
and 
actual 


use conditions. 
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~ 
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\ 
Duty 
Cycle'" 
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C TC - 
100oC~ 
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W@ 
~ 
, 
:; 
',.,350V 
U 
, 
1 


Turn-Off 
(Reverse 
Bias) SOA 
1.5 V •• VBE(offj 
•• 9.0 V 
Duty 
Cycle <; 10% 


Notes: 
CD 
MJE 13009 
Voltage 
Ratings 
(VCEO(sus) 
and VCEV) 
are shown, 
MJE13008 
Ratings 
are 100V 
Lower. 
® See AN-569 
for 
Pulse Power 
Derating 
Procedure. 


Turn-Off 
(Reverse 
Bias) SOA 
I 


1.5 V <; VBE(offl 
CO; 9.0 V 
Duty 
Cycle 
CO; 10% 


Notes: 


<D: 
MJE 13009 
Voltage 
Ratings 
(VCEO(sus) 
and VCEV) 
are shown, 
MJE 13008 
Ratings 
are 100 V Lower. 
® See AN-569 
For 
Puise Power 
Derating 
Procedure 


./ 
Turn-On 
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\/ 
ton" 
10JJs 
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Biasi SOA 
8 
12A 
'-<.... 
1.5V" 
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"9.0V 
V 
Turn-On 
I 
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III 
0I 
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I 


VCC 


Notes: 
CD 
MJE13009 
Voltage 
Ratings 
(VCEO(sus)·and 
VCEV) 
are shown, 
MJE13008 
Ratings 
are 100 V Lower. 
® See AN-569 
for 
Pulse Power 
Derating 
Procedure. 


Turn-On 
(Forward 
Bias) SOA 
24A- 
- - 
- 
.."............- ton" 
10 JJs 


\ 
Duty 
Cycle" 
10% 


TC'" 
1000C 
_, 
Po = 4000 
W ® 


~ 
\" 
350 V 
Turn-Off 
(Reverse 
Biasi SOA 
t 
1.5 V " 
vBE(offl 
'" 9.0 
V 
8 
Duty 
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<; 10% 


) 


VCC 


Solenoid 


Notes: 
Collector 
Voltage 
G) 
MJE13009 
Voltage 
Ratings 
(VCEO(sus) 
and VCEvl 
are shown, 
MJE1300B 
Ratings 
are 100 V Lower. 
® See AN-569 
for 
Pulse Power 
Derating 
Procedure. 


I 
t~tOff 


~_t 


Leakage 
Spike 


~~vC:)CtcE-- - - - - -fLl 


VCC I I 
----- 


IC~toff 


'on 
t 


VCEm 


~CC 
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t 


Ie 
Te 
to. 
trY 
tfi 
tti 
te 
AMP 
°e 
ns 
ns 
ns 
ns 
ns 


3 
25 
770 
100 
150 
200 
240 
100 
1000 
230 
160 
200 
320 


5 
25 
630 
72 
26 
10 
100 
100 
820 
100 
55 
30 
180 


8 
25 
720 
55 
27 
2 
77 
100 
920 
70 
50 
8 
120 
12 
25 
640 
20 
17 
2 
41 
100 
800 
32 
24 
4 
54 


In resistive 
switching 
circuits, 
rise, fall, and 
storage 
times 
have been 
defined 
and 
apply 
to both 
current 
and voltage 
waveforms 
since 
they 
are in phase. 
However, 
for inductive 
loads 
which 
are 
common 
to 
SWITCHMODE 
power 
supplies 
and 
hammer 
drivers, 
current 
and 
voltage 
wave- 
forms 
are not 
in phase. 
Therefore, 
separate 
measurements 
must 
be 
made 
on 
each 
waveform 
to determine 
the 
total 
switching 
time. 
For 
this 
reason, 
the 
following 
new terms 
have 
been 
defined. 
tsv = Voltage 
Storage 
Time, 
90% IS1 to 10% Vclamp 
trv = Voltage 
Rise Time, 
10-90% 
Vclamp 
tfi 
= Current 
Fall Time, 
90-10% 
IC 
tti 
= Current 
Tail, 
10-2% 
IC 
tc 
= Crossover 
Time, 
10% Vclamp 
to 10% IC 
An enlarged 
portion 
of the turn-off 
waveforms 
is shown 
in 
Figure 
13 
to 
aid 
in the 
visual 
identity 
of 
these 
terms. 


For 
the 
designer, 
there 
is minimal 
switching 
loss during 
storage 
time 
and 
the 
predominant 
switching 
power 
losses 
occur 
during 
the 
crossover 
interval 
and 
can 
be obtained 
using the standard 
equation 
from 
AN-222: 


PSWT = 1/2 VCCIC(tc! 
f 
Typical 
inductive 
switching 
waveforms 
are 
shown 
in 
Figure 
14. 
In general, 
trv + tfi "" tc' 
However, 
at lower 
test currents 
this relationship 
may not be valid. 


As is common 
with 
most 
switching 
transistors, 
resistive 
switching 
is specified 
at 2SOC and has become 
a benchmark 
for 
designers. 
However, 
for 
designers 
of 
high 
frequency 
converter 
circuits, 
the 
user 
oriented 
specifications 
which 
make 
this 
a "SWITCHMODE" 
transistor 
are the inductive 
switching 
speeds 
(te 
and 
tsv) 
which 
are 
guaranteed 
at 
1000C. 
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COMPLEMENTARY 
SILICON 
PLASTIC 
POWER TRANSISTORS 


· .. designed for use as high-frequency 
drivers in audio amplifiers. 


• 
DC Current 
Gain Specified 
to 4.0 Amperes 


hFE = 40(Min) 
@ IC = 3.0 Adc 
= 20(Minl 
@ IC = 4.0 Adc 


• 
Collector-Emitter 
Sustaining 
Voltage 
- 


VCEO(sus) = 120 Vdc (Min) - 
MJE15028. 
MJE15029 
= 150 Vdc (Min) 
- 
MJE15030. 
MJE15031 


• 
High Current 
Gain - 
Bandwidth 
Product 
fT = 30 MHz (Min) 
@ IC = 500 mAde 


• 
TO-220AB 
Compact 
Package 


• 
TO-66 
Leadform 
Also Available 


MAXIMUM 
RATINGS 


MJE1S028 
MJE1S030 
Rating 
Symbol 
MJE1S029 
MJE1S031 
Unit 


Collector·Emitter 
Voltage 
VCEO 
120 
1S0 
Vdc 


Collector-Base 
Voltage 
VCB 
120 
1S0 
Vdc 


Emitter-Base 
Voltage 
VEB 
.. 
S.O 
a 
Vdc 


Collector 
Current 
Continuous 
IC 
.. 
8.0 
. 
Adc 


Peak 
. 
16 
. 


Base Current 
IB 
. 
2.0 
. 
Adc 


Total Power Dissipation 
Po 
Watts 


@TC= 
2SoC 
. 
SO 
. 
W/oC 


Derate 
above 
2SoC 
. 
0.40 
. 


Total Power Dissipation 
Po 


@TA = 2SoC 
. 
2.0 
I 
. 
Watts 
Derate 
above 
2SoC 
. 
0,016 
. 
wf'c 


Operating and Storage Junction 
TJ. Tstg 
°c 
Temperature 
Range 
~ 
-65to +150----- 


THERMAL 
CHARACTERISTICS 


Characteristic 
I 
Symbol 
I 
Max 
I 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
I 
ReJC 
2.S 
I 
°C/W 


Thermal 
Resistance. Junction to Ambient 
I 
ReJA 
62.S 
I 
°C/W 


~ 
<i 
3.060 
~ 
zo;:: 


~ 
2.040 


Bl 
<5 
'" 
~ 


NPN 
MJE1S028 
MJE1S030 


PNP 
MJE1S029 
MJE1S031 


POWER TRANSISTORS 
COMPLEMENTARY 
SILICON 
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r 


B ~ 
I_J 


T 
,<11- 


Q 


I 
I 
! 


A 
lu 


F- 


I 


V 
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J SECT A A 


-~:.- 
A 


1- 
D=II~t 


G 
STYlE 
1 
PIN 
1. 
BASE 


2 
COLLECTOR 
3 
EMITTER 


4 
COLLECTOR 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
15.11 
1~.15 
0.595 
'[620 


8 
9.65 
10.29 
0.3BO 
0.405 


C 
4.06 
4.B2 
0.160 
0190 


D 
0.64 
0.89 
0.025 
0.035 


F 
3.61 
3.13 
0.142 
0141 


G 
2.41 
2.61 
0.095 
0105 


H 
2.19 
3.30 
0110 
0.130 


J 
0.36 
0.56 
0.014 
0.022 


If 
12.10 
14.21 
0.500 
0.562 
i 
1.14 
1.21 
0.045 
0050 


N 
4.83 
5.33 
0.190 
0210 
0 
2.54 
3.04 
0.100 
0.120 


R 
2.04 
2.19 
0.080 
0.110 


S 
1.14 
1.39 
0~045 
0.055 


T 
~.91 
6.48 
1L235 
0.255 


IJ 
0.16 
1.21 
0:030 ~ 
y 
T14 
If045 


CASE 221 A.Q2 


TO·220AB 


NPN MJE15028. 
MJE15030 
PNP MJE15029. 
MJE15031 


ELECTRICAL 
CHARACTERISTICS 
ITC = 250C unless otherwise notedl 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter 
Sustaining Voltage (1) 
VCEO(susl 
Vde 


IIc 
= 10 mAde, la = 01 
MJE1502a, 
MJE15029 
120 
- 


MJE15030, 
MJE15031 
150 
- 


Collector Cutoff Current 
ICED 
mAde 


IVCE = 120 Vde,la 
= 01 
MJE1502B, MJE15029 
- 
0.1 


IVCE = 150 Vde,la 
= 01 
MJE15030, 
MJE15031 
- 
0.1 


Collector Cutoff 
Current 
ICBO 
/JAde 


(Vca = 120 Vde,IE 
= 01 
MJE 1502B. MJE 15029 
- 
10 


IVca 
= 150 Vde, IE = 01 
MJE15030, 
MJE15031 
- 
10 


Emitter 
Cutoff 
Current 
lEaD 
- 
10 
IJAdc 


IVaE 
= 5.0 Vde. IC = 01 


DC Current 
Gain 
hFE 
- 


IIc 
= 0.1 Ade, VCE = 2.0 Vdel 
40 
- 


IIc 
= 2.0 Ade, VCE = 2.0 Vdel 
40 
- 


IIc = 3.0 Ade, VCE = 2.0 Vdel 
40 
- 


IIc = 4.0 Ade, VCE = 2.0 Vdel 
20 
- 


DC Current 
Gain 
Linearity 
hFE 
Typ 
IVCE From 2.0V to 20V,IC 
From O.lA to 3AI 
2 
INPN TO PNPI 
3 


Collector-Emitter 
Saturation 
Voltage 
VCElsatl 
- 
0.5 
Vde 


IIc = 1.0 Ade, la = 0.1 Adel 


Base·Emltter 
On Voltage 
VBE(on) 
- 
1.0 
Vde 
IIc = 1.0 Ade, VCE = 2.0 Vdel 


OYNAMIC 
CHARACTERISTICS 


Current 
GaIn 
- 
BandWIdth 
Product 
(2) 


IIc 
= 500 mAde, VCE = 10 Vde, 
ftest = 10 MHzI 


(llPulse 
Test 
Pulse Width 
~ 
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There 
are two 
limitations 
on the power handling abilitY 
of a 


transistor: 
average junction 
temperature 
and second breakdown. 
Safe operating 
area curves indicate 
Ie - 
VCE 
limits of the tran- 
sistor that must be observed for reliable operation, 
i.e., the transistor 


must not be subjected to greater dissipation than the curves indicate. 


The data of Figures 3 and 4 is based on T J(pkl 
= 150°C; 
T Cis 
variable depending 
on conditions. 
Second breakdown 
pulse limits 


are valid for duty cycles to 10% provided T J(pk) < , SOoC. T J(pk) 
may be calculated from the data in Figure 2. At high case tempera· 
tures, thermal limitations 
will reduce the power that can be handled 
to values less than the limitations 
imposed by second breakdown. 
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® MOTOROLA 


Designer's 
Data Sheet 


SWITCH MODE III SERIES 
NPN SILICON POWER TRANSISTORS' 


These transistors 
are designed for high-voltage, 
high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly 
suited for line-operated switch mode applications. 


The MJE16004 is a selected high-gain version of the MJE16002 for 
applications where drive current is limited. 


Typical Applications: 


• 
Switching Regulators 


• 
Inverters 


• .Solenoid and Relay Drivers 


• 
Motor Controls 


• 
Deflection Circuits 


• 
Fast Turn-Off Times 
50 ns Inductive Fall Time - 
75°C (Typ) 
70 ns Inductive Crossover Time - 
75°C (Typ) 
500 ns Inductive Storage Time - 
75°C (Typ) 


• 
Operating Temperature Range-65 to +150°C 


• 
1OQoCPerformance Specified for: 


Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


Rating 
Symbol 
Me. 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
450 
Vdc 


Collector-Emitter 
Voltage 
VCEV 
850 
Vdc 


Emitter 
Base Voltage 
VEB 
6.0 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
5.0 
Adc 


- 
Peak!') 
ICM 
'0 


Base Current 
- 
Continuous 
IB 
4.0 
Adc 


-Peak(') 
IBM 
8.0 


Total Power 
Dissipation 
@ TC = 25°C 
Po 
80 
Watts 


@ TC; 
'OO°C 
32 
Derate 
above 25°C 
0.64 
W/oC 


Operating 
and Storage 
Junction 
TJ' Tstg 
-6510+150 
°c 


Temperature 
Range 


Characteristic 
Symbol 
Me. 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
ReJC 
1.56 
°C/W 


Maximum 
Lead Temperature 
for Soldering 
TL 
275 
°C 
Purposes: 
1IS" from Case for 5 Seconds 


(1) 
Pulse 
Test' 
Pulse 
Width 
- 
5 
ms, 
Duty 
Cycle 
~ 
10%. 


MJE16002 
MJE16004 


NPN SILICON 


POWER TRANSISTORS 


The Designer's 
Data Sheet permits the design 


of most circuits 
entirely 
from 
the 
information 
presented. 
Limit curves - 
representing 
bound· 


aries 
on device 
characteristics 
- 
are given 
to 
facilitate 
"worst 
case" 
design. 


STYLE L 


PIN L 


1. 
3. 
4. 
j1ft'C 
o-l~ 
G 


N 
8ASE 
COLLECTOR 
EMITTER 
COLLECTOR 


NOTE, 


1. OIM. L & H APPLIES 


• 
TO ALL LEADS. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
15.11 
15.75 
0.595 
0.610 
8 
9.65 
10.19 
0.380 
0.405 
C 
4.06 
4.81 
0.160 
0.190 


0 
0.64 
0.89 
0.015 
0.035 
F 
3.61 
3.73 
0.141 
0.147 


G 
1.41 
1.67 
0.095 
0.105 
H 
1.79 
3.30 
0.110 
0.130 
J 
0.36 
0.56 
0.014 
0.011 
K 
11.70 
14.17 
0.500 
0.561 


L 
L14 
1.17 
0.045 
0.050 
N 
4.83 
5.33 
0.190 
0.110 


U 
1.54 
3.04 
0.100 
0.110 


R 
1.04 
1.79 
0.080 
0.110 
S 
1.14 
1.39 
0.045 
0.055 
T 
5.97 
6.48 
0.135 
0.155 
U 
0.76 
L17 
0.030 
0.050 


V 
1.14 
0.045 


ELECTRICAL CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
noted) 


Characteristic 
Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(Table 2) 
VCEO(sus) ! 
450 
- 
- 
Vde 


(IC = 100 mA. IS = 0) 
I 


Collector 
Cutoff Current 
ICEV 
mAde 


(VCEV = 850 Vde. VSE(olf) = 1.5 Yde) 
- 
- 
0.25 


(VCEV = 850 Vde. VSE(off) = 1.5 Vde. TC = 100°(;) 
- 
- 
1.5 


Collector 
Cutoff Current 
ICER 
- 
- 
25 
mAde 


(VCE = 850 Vde. RSE = 50 O. TC = 100°C) 


Emitter 
Cutoff Current 
IESO 
- 
- 
1.0 
mAde 


IVES = 6.0 Vde. IC = 0) 


See Figure 
15 


See Figure 
16 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse 
Biased 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vde 


(lC = 1.5 Ade. IS = 0.2 Ade) 
- 
- 
1.0 
(lC = 3.0 Ade. IS = 0.4 Ade) 
- 
- 
2.5 
(IC = 3.0 Ade. IS = 0.4 Ade. TC = l000CI 
- 
- 
2.5 


Base-Emitter 
Saturation 
Voltage 
VSE(sat) 
Vde 


(IC = 3.0 Ade. IS = 0.4 Ade) 
- 
- 
1.5 
(IC = 3.0 Ade. IS = 0.4 Ade. TC = 100°C) 
- 
- 
1.5 


DC Current 
Gain 
hFE 
5.0 
- 
- 
- 
(lC = 5.0 Ade. VCE = 5.0 Vde 


Output, 
Capacitance 
(VCS = 10 Vde. IE = O. ftest = 1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive 
Loed (Table 
1) 


Delay Time 
(IC = 3.0 Ade. 
td 
- 
30 
100 
ns 


Rise 
ime 
(IS2 = O.S Ade. 
tr 
100 
300 


Storage 
Time 
VCC = 250 Vde, 
RS2 = 8.0 0) 
ts 
- 
1000 
3000 


Fall Time 
ISl 
= 0.4 Ade, 


tf 
60 
300 
PW= 30~s, 


Storage 
Time 
Duty Cycle <;;2.0%) 
(VSE(olf) 
= 5.0 Vde) 
's 
400 


Fall Time 
tf 
130 


Inductive 
Load (Table 
2) 


Storage Time 
tsv 
- 
500 
1600 
ns 


Fall Time 
(IC = 3.0 Ade, 
(TJ = 100°C) 
tfi 
100 
200 


Crossover Time 
IS1 = 0.4 Ade, 
te 
- 
120 
250 


Storage 
Time 
VSEloff) 
= 5.0 Vde. 
tsv 
600 


Fall 
ime 
VCE(pk) = 400 Vde) 
ITJ = 150°C) 
tfi 
120 
- 


Crossover 
Time 
te 
160 


(t) Pulse 
Test: 
P'W - 300 
IAS. Duty 
Cycle 
'lO;2%. 


'Pf=~ 
161 


Collector-Emitter 
Sustaining 
Voltage 
(Table 2) 
VCEO(sus} 
450 
- 
- 
Vde 


(IC = 100 mA. 
IB = O) 


Collector 
Cutoff Current 
ICEV 
mAde 


IVCEV = 850 Vde. VBE(off) 
= 1.5 Vde) 
- 
- 
0.25 


IVCEV = 850 Vde. VBE(off) 
= 1.5 Vde. TC = 100°C) 
- 
- 
1.5 


Collector 
Cutoff Current 
ICER 
- 
- 
2.5 
mAde 


IVCE = 850 Vde. RBE = 50 Il. 
TC = 100°C) 


Emitter 
Cutoff Current 
lEBO 
- 
- 
1.0 
mAdc 


IVEB = 6.0 Vde. IC = O} 


See Figure 
15 


See Figure 
16 


Second 
Breakdown 
Collector 
Current 
with 
Base Forward 
Biased 


Clamped 
Inductive 
SOA with 
Base Reverse 
Biased 


Collector-Emitter 
Saturation 
Voltage 
VCElsat} 
Vde 
(lC = 1.5 Ade. IB = 0.15 
Ade) 
- 
- 
1.0 


(lC = 3.0 Ade. IB = 0.3 Ade) 
- 
- 
2.5 
(lC = 3.0 Ade. IB = 0.3 Ade. TC = 100°C) 
- 
- 
2.5 


Base·Emitter 
Saturation 
Voltage 
VBElsat} 
Vde 
(IC = 3.0 Ade. IB = 0.3 Ade) 
- 
- 
1.5 


(lC = 3.0 Ade. IB = 0.3 Ade. TC = 100°C) 
- 
- 
1.5 


DC Current 
Gain 
hFE 
7.0 
- 
- 
- 
(lc = 5.0 Ade. VCE = 5.0 Vde 


Output 
Capacitance 


(VCB = 10 Vde. IE = O. ftest 
= 1.0 kHz) 


SWITCHING 
CHARACTERISTICS 


Resistive 
Loed 
ITable 
1) 


Delay Time 
llC = 3.0 Ade. 
td 
- 
30 
100 
ns 


Rise Time 
(lB2 = 0.6 Ade. 
tr 
- 
130 
300 


Storage 
Time 
VCC = 250 Vde. 
RB2 = 8.0 Il) 
ts 
- 
800 
2700 


Fall Time 
IB 1 = 0.3 Ade. 


tf 
- 
80 
350 


Storage 
Time 
PW=30~s. 


ts 
- 
250 
- 
Fall Time 
Duty Cycle ';;;2.0%) 
(VBE(off) 
= 5.0 Vde) 
tf 
- 
60 
- 


Inductive 
Load 
ITable 
2) 


Storage 
Time 
t.u 
- 
400 
1300 
ns 
Fall Time 
IIC = 3.0 Ade. 
(TJ= 
100°C) 
tfi 
- 
80 
150 


Crossover 
Time 
IBI 
= 0.3 Ade. 
te 
- 
90 
200 


Storage 
Time 
VBEloff) 
= 5.0 Vde. 
t.u 
- 
450 
- 
Fall Time 
VCE(pk) = 400 
Vde} 
ITJ = 150°C) 
tfi 
- 
100 
- 


Crossover 
Ti me 
te 
- 
110 
- 


(1) Pulse 
Test: 
PW 
- 300 
JlS. 
Duty 
Cycle ~2%. 


·Pf=~ 
'SI 


TJ: 
100°C 


~ 


2~ 
~ 
I 
"- 
55°C 


- 
- 
VCE: 
5.0 V 


z~ 
•.• 
20iau 
10 
o 
.# 7.0 


0.2 
0.3 
0.5 
0.7 
1.0 
2.0 
3.0 
5.0 
7.0 
10 


IC. COLLECTORCURRENT IAMPSI 


FIGURE 3 - 
COLLECTOR·EMITIER 
SATURATION 
VOLTAGE 
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IC. COLLECTORCURRENT (AMPS) 
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VBE. BASE EMITTER VOLTAGE (VOL TSI 


FIGURE 2 - 
COLLECTOR 
SATURATION 
REGION 
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IC. COLLECTORCURRENT (AMPS) 
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IC. COlLECTOR CURRENT lAMPS) 
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IC. COlLECTOR CURRENT lAMPS) 
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IC. COLLECTORCURRENT IAMPSI 


FIGURE 
10 - 
COLLECTOR 
CURRENT 
FALL TIME 
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IC. COLLECTORCURRENT lAMPS) 
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VCE(pk)' PEAK COllECTOR-EMITIER 
VOLTAGE (VOLTS) 


FORWARD BIAS 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e.• the transistor 
must not be subjected to 
greater dissipation than the curves indicate. 


The data of Figure 15 is based on TC: 
25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 


TJ(pk) may be calculated from the data in Figure 17. 


At high casetemperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown, 


For inductive 
loads, high voltage and high current 


must be sustained simultaneously during turn-off, in most 
cases, with the base-to-eminer junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RCsnubbing, load line shaping, etc. 
Thesafe level for these devices is specified as ReverseBias 
~afe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. 
This 


rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 16 
gives the RBSOA characteristics. 
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0.3 Adc 
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OV 


-5 V 
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Equivalent 


Vee' 
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RL' 83 n 
Ie' 
3.0 Adc 


IB1 ' 0.3 Adc 
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n 
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RB2' 
8.0 n 


For VBE(off)' 
5.0 V RB2 ' 0 n 


o 


=~351J 
F 


02~F 


1 O~F. ~ 


500 


T1 = Leod (ICpkl 


VCC 


T 1 adjusted 
to obtam IC(pk) 


BVCEO 
L = 10 mH 


RB2 = x 
VCC = 20 Volts 


Inductive Switching 
L= 2oo~H 
RB2 = 0 
VCC = 20 Volts 
RSl 
selected for desired 
IB1 


·Tektronlx 
P-6042 
or 
EquIvalent 


Scope - Tektronix 
7403 or 
EquIvalent 


~1C(Pkl 


IC~ 
'-- 


VCE(pk) 
-0. h 


VCE~ 
L- 


RBSOA 
L= 200~H 


RB2 = 0 
VCC = 20 Volts 
RSl 
selected for desIred 
IB1 


'C(pkl = 3.0 Amps 
IB1 = 0.3 Amp 
VBE(off) = 5.0 Volts 


• VCE{pkl = 300 Volts 
TC = 25°C 
Time Base = 
20 ns/cm 


lC(pkl = 3.0 Amps 
IB1 = 0.3 Amp 
VBE(off) = 5.0 Volts 
VCE(pk) = 300 Volts 
TC = 25°C 
Time Base:: 
20 ns/cm 


® MOTOROLA 


. designed for complementary symmetry audio circuits to 5 Watts 
output. 


• 
Excellent Current Gain Linearity - 
1.0 mAdc to 1.0 Adc 


• 
Low Coliector·Emitter 
Saturation Voltage - 


VCE(sat) = 0.5 Vdc (Max) @IC = 1.0 Adc 


• 
Complements to PNP MPS·U51 and MPS·U51A 


• 
Uniwatt 
Packagefor Excellent Thermal Properties - 


1.0 Watt@TA 
= 250C 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MPS·U01 
MPS·U01A 
Unit 


Collector-Emitter 
Voltage 
VCEO 
30 
40 
Vdc 


Collector-Base 
Voltage 
VCB 
40 
50 
Vdc 


Emitter-Base Voltage 
VEB 
5.0 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
2.0 
Adc 


Total 
Power 
Dissipation 
@ TA::: 2SoC 
Po 
1.0 
Watt 
Derate 
above 
2SoC 
B.O 
mW/oC 


Total Power Dissipation@ TC : 25°C 
Po 
10 
Watts 


Derate above 25°C 
BO 
mW/oC 


Operating and Storage Junction 
TJ.Tst9 
-55'0+150 
°c 


Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
ResIstance. Junction 
to Case 
ROJC 
12.5 
°C/W 


Thermal ResIstance, Junction to Ambient 
ROJA 
125 
°C/W 


Unlwatt 
packages can be To 5 lead -formed 
by adding -5 to the device 
title 
and tab formed for 


flush mounting by addIng -1 to the device t,tle. 


MPS-DOI 


MPS-DOIA 


NPN SILICON 
AUDIO 
TRANSISTORS 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 


A 
9.14 
9.53 
0.360 
0.375 
B 
6.60 
7.24 
0.260 
0.285 
C 
5.41 
5.66 
0.213 
0.223 


D 
0.38 
0.53 
0.015 
0.021 
F 
3.18 
3.33 
0.125 
0.131 


G 
2.548SC 
0.100 BSC 
H 
3.94 
4.19 
0.155 
0.165 
J 
0.36 
0.41 
0.014 
0.016 
K 
12.07 
12.70 
0.475 
0.500 
L 
25.02 
25.53 
0.985 
1.005 
N 
5.08 BSe 
0.200 BSC 
Q 
2.39 
2.69 
0.094 
0.106 
R 
1.14 
1.40 
0.045 
0.055 


Collector-Emitter 
Breakdown 
Voltage 
(11 
BVCEO 
Vdc 


(lC 
= 10 mAdc, 
IB 
~ 0) 
MPS-UOl 
30 
- 


MPS-U01A 
40 
- 


Collector-Base 
Breakdown 
Voltage 
BVCBO 
Vdc 
IIC' 
100 "Adc. 
IE • 01 
MPS-UOl 
40 
- 


MPS·U01A 
50 
- 


Emltter·Base 
Breakdown 
Voltage 
BVEBO 
5.0 
- 
Vdc 


(IE 
;. 100 .uAdc, 
IC '" Q) 


Collector 
Cutoff 
Current 
'CBO 
/JAdc 
(VCB' 
30 Vdc. 'E ·01 
MPS-UOl 
- 
0.1 


IVCB 
c- 40 Vdc. 'E ·01 
MPSU01A 
. 
0_1 


Emitter 
Cutoff 
Current 
'EBO 
- 
01 
.uAdc 


(VBE = 3.0 Vdc. 'c = OJ 


DC Current 
Gain 
hFE 
- 


(lC 
'" 10 mAdc, 
VCE 
'" 1 0 Vdcl 
5S 
- 


(lC'" 
100 mAde. 
VCE 
;1.0Vdcl 
60 
- 
, 


(Ie'" 
1 0 Adc. 
VCE 
'" 1.0 Vdcl 
50 
- 


Collector·Emltter 
Saturation 
Voltage 
VCE(satl 
05 
Vdc 


(lC'" 
1.0Adc.IS 
-=0.1 
Adcl 


Base-Emitter 
On Voltage 
VBE (on) 
1.2 
Vdc 


(Ie""" 1.0 Adc. 
VCE 
'" 1.0 Vdcl 


Current·Galn-Bandwidth 
Product 
IT 
50 
.. 
MHz 


(lC 
""50 mAdc, 
VCE 
'" 10 Vdc. 
f 
'" 20 MHzl 


Output 
CapacItance 
Cob 
- 
20 
pF 


(VCB 
= 10 Vdc, 
IE 
= O. f 
'" 1.0 MHz) 


1.0 


08 


~ 
0 
0.6 
~ 
w 
<.0 
~ 
04 
>,; 


0.1 


f- TJ ~ 15JC 
I II 


VSE(sat) @lIC/IS = 10 
,./ 


-t'" 


VSE @lVCE = 1.0 V 


VCE(satl @lIC/lS = 10 - 


~CE ; 1.0 V~C 


z 
300 f--- 
TJ = 150C 


<i 
<.0 


~ 
200 
~ 
13 
'-'o 


~ 
100 
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FIGURE 
3 - 
DC SAFE OPERATING 
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There are two limitations 
on the power handling ability 
of a tran- 


sistor: 
junction 
temperature 
and secondary 
breakdown. 
Safe 
operating area curves indicate IC-VCE 
limits of the transistor that 
must be observed for 
reliable operation; 
i.e., the transistor must 
not be subjected to greater dissipation than the curves indic1Jte. 


The data of Figure 3 is based on TJ{pk) 
= 1500C; 
TC is v~riable 
depending 
on 
conditions. 
At 
high case temperatures, 
thermal 
limitations 
will 
reduce the power 
that 
can be handled to values 
lessthan the limitations 
imposed by secondary breakdown. 


4.0 
60 
10 


VCE. COLLECTOR·EMITTER VOLTAGE (VOLTSI 


@ MOTOROLA 


NPN SILICON ANNULAR 
AMPLIFIER 
TRANSISTORS 


. designed for general·purpose, high'voltage amplifier 
and driver 
applications. 


• 
High Coliector·Emitter 
Breakdown Voltage - 


BVCEO = 60 Vdc (Min) 
@ IC = 1.0 mAdc - MPS-U05 
80 Vdc (Min) @ IC = 1.0 mAdc - MPS-U06 


• 
High Power Dissipation - PD = 10 W @ TC = 250C 


• 
Complements to PNP MPS-U55 and MPS-U56 


Rating 
Symbol 
MPS·U051 
MPS·U06 
Unit 


Collector-Emitter 
Voltage 
VCEO 
60, 
I 
80 
Vdc 


Collector·Base 
Voltage 
VCB 
60 
I 
BO 
Vdc 


Emitter-Base 
Voltage 
VEB 
4.0 
Vdc 


Collector 
Current 
- 
Continuous 
'C 
2.0 
Adc 


Total Power Dissipation@ 
T A = 2SoC 
Po 
1.0 
Watt 
Derate 
above 
2SoC 
B.O 
mW/oC 


Total Povver Dissipation 
@ T C = 2SoC 
Po 
10 
Watts 
Derate 
above 
25°C 
BO 
mW/oC, 


Operating al'd Storage Junction 
TJ,Tstg 
-55 to +t50 
°c 
Temperature 
Range 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. Junction 
to Case 
R8JC 
12.5 
°CIW 


Thermal 
Resistance, Junction 
to Ambient 
R8JA 
125 
°C/W 


MPS-DOS 


MPS-DOG 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 


I~G L 
STYLE 1 
-JLJ 


~N 
PIN 1. 
EMITTER 
2. 
BASE 


3. 
COLLECTOR 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.14 
9.53 
0.360 
0.315 
B 
6.60 
7.24 
0.260 
0.2B5 
C 
5.41 
5.66 
0.213 
0.223 
D 
0.38 
0.53 
0.015 
0.021 
F 
3.1B 
3.33 
0.125 
0.131 
G 
2.54 BSC 
0.100 BSC 
H 
3.94 
4.19 
0.155 
0.165 
J 
0.36 
0.41 
0.014 
0.016 
K 
12.07 
12.10 
0.415 
0.500 
l 
25.02 
25.53 
0.9B5 
1.005 
N 
5.08 BSC 
0.200 BSC 
Q 
2.39 
I 2.69 
0.094 
11106 
R 
1.14 
I 1.40 
0.045 
0.055 


ELECTRICAL 
CHARACTERISTICS 
(TA = 25°C unless otherwise 
noted) 
I 
Characteristic 
I 
Symbol 
1====M==in=========T=V=P====__ 
M_,_x 
__ 
~ 
__ U_n_it_~ 


OFF CHARACTERISTICS 


Collector-E 
mitter 
Breakdown 
Voltage 
BVCEO 
Vde 


(lC = 1.0 mAde,lB 
= OJ 
MPS-U05 
60 
- 
- 


MPS-U06 
80 
- 
- 


Emitter-Base 
Breakdown 
Voltage 
BVEBO 
4.0 
- 
- 
Vde 


(IE = 100l'Ade, 
IC = 0) 


Collector 
Cutoff 
Current 
ICBO 
nAdc 


(VCB 
= 40 Vde, 
IE = OJ 
MPS-U05 
- 
- 
100 


(VCB 
= 60 Vde, 
IE = OJ 
MPS-U06 
- 
- 
100 


DC Current 
Gain 11) 
hFE 
- 


(lC 
= 50 mAde, 
VCE 
= 1.0 Vdel 
80 
125 
- 


IIc 
= 250 mAde, 
VCE = 1.0 VdeJ 
60 
100 
- 


(lC = 500 mAde, 
VCE 
= 1.0 Vdcl 
- 
55 
- 


Collector-Emitter 
Saturation 
Voltage( 1) 
VCE(satl 
Vde 
(lC = 250 mAde, 
'B = 10 mAde) 
- 
0.18 
0.4 


(lC 
= 250 mAde, 
IB = 25 mAdeJ 
- 
0.1 
- 


Base-Emitter 
On Voltage 
(1) 
VBElon) 
- 
0.74 
1.2 
Vde 
II C = 250 mAde, 
V CE = 5.0 Vde) 


Current-Gain-Bandwidth 
Product 
(1) 
IT 
50 
150 
- 
MHz 
IIc 
= 250 mAde, VCE = 5.0 Vde, f • 100 MHz) 


Output Capacitance 
Cob 
- 
6.0 
12 
pF 
IVCB = 10 Vde, 
IE = 0, I = 100 kHzJ 


3O°'1~de_ 


TJ-250C 
I 
z~~ 
z 
100 


g 
10 


- 
-- "'" 
TJ,1501JC 
---SfCondB'uktlf;:",nl,n"lt\l 
--- 
8ondlllgWlfellm'ted 
:\ 
- 
- 
- 
The,mll Llln'lillons. 
TC 
2SoC 
MPSU06 
Appitub'f' 
To 8VCEO 


MPSUOS,\: 
~ 
-----j--- 


I 
i'lill 


~ 
~ 
05 
z 


o 


o 
~D!Y.l 


There are two 
limitations 
on the power handling ability 
of a 
transistor: 
junction 
temperature 
and 
second 
breakdown. 
Safe 
operating 
area curves indicate Ie - 
VCE limits of the transistor 
that 
must be observed 
for 
reliable 
operation; 
i.e., the transistor 
must 
not be subjected to greater dissipation 
than the curves indicate. 
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The data 01 Figure 
3 is based on T J(pk) 
= 150°C; 
T C is variable 
depending 
on 
conditions. 
At 
high 
case temperatures, 
thermal 
limitations 
will reduce the power that can be handled 
to "alues less 
than the limitations 
imposed by second breakdown. 


® MOTOROLA 


NPN SILICON 
ANNULAR 
AMPLIFIER 
TRANSISTOR 


. designed for general·purpose. high'voltage amplifier 
and driver 
applications. 


• 
High Coliector·Emitter 
Breakdown Voltage - 
BVCEO = 100 Vdc (Min) @ IC = 1.0 mAdc 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEO 
100 
Vdc 


Collector-Base 
Voltage 
VCB 
100 
Vdc 


Emitter-Base 
Voltage 
VEB 
4.0 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
2.0 
Adc 


Total Power DissipatoR 
@TA = 25°C 
Po 
1.0 
Watt 
Derate 
above 
25°C 
8.0 
mW/oC 


Total Power Dissipaton@Tc 
= 25°C 
Po 
10 
Watts 
Derate 
above 
2SoC 
80 
mW/oC 


Operating and Storage Junction 
TJ.Tstg 
-55 to +150 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance, Junction 
to Case 
ROJC 
12.5 
°C/W 


Thermal 
Resistance. Junction 
to Ambient 
AOJA 
125 
°C/W 


MPS·D07 


NPN SILICON 
AMPLIFIER 
TRANSISTOR 


K 
I 


~ 


~N 
STYLE 1: 


PIN 1. EMITTER 


2. BASE 
3. COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.14 
9.53 
0.360 
0.315 
B 
6.60 
7.24 
0.260 
0.2B5 
e 
5.41 
5.66 
0.213 
0.223 
0 
0.38 
0.53 
0.015 
o.n21 
F 
3.1B 
.33 
0.125 
0.131 
G 
2.54 BSC 
0.100 BSe 
H 
3.94 
4.19 
0.155 
0.165 
J 
0.36 
0.41 
0.014 
0.D16 
K 
12.07 
12.70 
0.475 
0.500 
L 
25.02 
25.53 
0.9B5 
1.005 
N 
5.0B BSC 
0.200 BSe 
Q 
2.39 
2.69 
0.094 
0.106 
R 
1.14 
1.40 
0.045 
0.055 


~ 
C_h_.r_K_ter_ilt_ic 
S_y_m_b_oI 
M_i_n 
T_y_P C~ 
u_n_it__ 


Collector-Emitter 
Breakdown 
Voltage 
(1) 
BVCEO 
100 
- 
- 
Vde 


(lC = 1.0 mAde,lB 
= 01 


Emitter-Base 
Breakdown 
Voltage 
BVEBO 
4.0 
- 
- 
Vde 


(IE = 100 "Ade, 
IC = 0) 


Collector 
Cutoff 
Current 
ICBO 
- 
- 
100 
nAde 
(VCB = BO Vde, 
IE = 0) 


DC Current 
Gain (1) 
hFE 
- 


(lC = 50 mAde, 
VCE = 1.0 Vdel 
60 
110 
- 


(lC = 250 mAde, 
VCE = 1.0 Vde) 
30 
65 
- 


(lC = 500 mAde, 
VCE = 1.0 Vdel 
- 
33 
- 


Coliector·E 
mitter 
Saturation 
Voltage 
111 
VCE(satl 
Vde 
(lC = 250 mAde, 
IB = 10 mAde) 
- 
0.18 
0.4 


(lC = 250 mAde, 
IB = 25 mAde) 
- 
0.1 
- 


Base·Emitter 
On Voltage (1) 
VBElon) 
- 
0.76 
1,2 
Vde 
(lC = 250 mAde, 
VCE = 5.0 Vde) 


Current-Gain-Bandwidth 
Product 
(1) 
IT 
50 
150 
- 
MHz 


(lc 
= 250 mAde, 
VCE = 5.0 Vde, f = 100 MHz) 


Output Capacitance 
Cob 
- 
6.0 
12 
pF 
(VCB = 10 Vde, 
IE - 0, I = 100 kHz) 


YCE.,.0Jdt 
TJ'"2!1°C 


f- 


'\. 
, 


z 
100 
~~ 
z 
10 


~ 
so 
o; 


., 


~ 
1.0 


Z 
D.S 


::I 
0.2 


o!.j 


~ 
o.os 


!J0.02 


001 


0.005 
1.0 


There are two 
limitations 
on the power handling ability 
of a 
transistor: 
junction 
temperature 
and 
second breakdown. 
Safe 
operating 
area curves indicate Ie - VCE limits 
of the transistor 
that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to grelter dissipation th." the curves indicate. 
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The data 01 Figure 
3 is based on TJ(pk) 
= 1500c; TC is variable 
depending 
on conditions. 
At 
high case temperatures. 
thermal 
limitations will reduce the power that can be handled to values less 
than the limitations 
imposed by second breakdown. 


@ MOTOROLA 


NPN SILICON 
DARLINGTON 
AMPLI FIE R TRANSISTOR 


• 
High 
DC Current 
Gain 
- 


hFE 
= 25,000 
(Mini 
@ IC = 200 
mAdc 
15,000 
(Mini 
@ IC = 500 
mAdc 


• 
Collector-Emitter 
Breakdown 
Voltage 
- 


BVCES 
= 40 Vdc 
(Mini 
@ IC = 100 /.lAdc 


• 
Low 
Collector-Emitter 
Saturation 
Voltage 
- 


VCE(satl 
= 15 Vdc 
@ IC = 10 Adc 


• 
Monolithic 
Construction 
for High 
Reliability 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Volue 
Unit 


Collector-Emitter 
Voltage 
VCEOlll 
40 
Vdc 


Collector-Emitter 
Vortage 
VCES 
40 
Vdc 


Collector-Base 
Voltage 
VCB 
50 
Vdc 


Emitter-Base 
Voltage 
VEB 
12 
Vdc 


Collector 
Current 
IC 
2.0 
Adc 


Total 
De ...•lce 
Dissipation 
@'I T A ,., 25°C 
Po 
1.0 
Watt 
Derate above 25°C 
B_O 
mW/oC 


Tota' 
Device 
Dissipation 
~ T C :: 2SoC 
Po 
10 
Watts 
Derate above 25°C 
BO 
mW/oC 


Operating 
and Storage 
Junction 
TJ,Tstg 
-55 to +150 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Cha,ecteriotic 
Symbol 
Max 
Unit 


Therm" 
Resist ••.•c•. Junction 
to Ambient 
8JA 
125 
°CIW 


Thermal 
Resistance. 
Junction 
to Case 
8JC 
12.5 
°C/W 


(1 )Ou. 
to 
the monolithic 
construction 
of th is device, 
br •• kdown 
YOltev" 
of both 
'ran 
,istor e'ements 
.r. 
idWltical. 
BVCES 
IS tested in lieu of BVCEO In order to avoid 
."or, 
caused by noi•• 
pickup. 
The voltage me.sured 
during 
the BVCES test IS the 


BV CE 0 
of the output 
tranSistor 


NPN SILICON 
DARLINGTON 
TRANSISTOR 


---L 


0.213 
' 


0.223 
fT 
0.415 
IfSOO 
0.985 I 
1.005 
__ 
L_.L_ 


E 
8 
C 
0.095 
O]I~ 
----1~0'0--5 
0.018 
II 
. 


0.190 
o.nii 


ELECTRICAL 
CHARACTERISTICS 
ITA 
= 2SoC unless otherwose noted) 


I 
Ch.fectlrittic 
I 
Symbol 


OFF 
CHARACTERISTICS 


[ 
MIX 


Collector-Emitter 
Breekdown 
Voltogo 
BVCES 
40 
- 
- 
Vde 
(lC 
z 100 I'Adc, 
VBE - 0) 


ColieCtor-Baso 
Breakdown 
Voltage 
BVCBO 
50 
- 
- 
Vdc 
(lC 
z 100 I'Adc, 
IE z 01 


Emitter-Base 
Breakdown 
Voltage 
BVEBO 
12 
- 
- 
Vde 
(IE 
z 10 I'Adc, 
IC = 0) 


Collector 
Cutoff 
Current 
ICBO 
- 
- 
100 
nAdc 
IVCB = 30 Vdc, IE = 0) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
100 
nAdc 
IVEB 
& 10 Vdc, 
IC' 
01 


DC Current 
Gain 
hFE 
- 
(lC • 200 mAdc, 
VCE 
Z 5.0 Vdc) 
25,000 
65,000 
150,000 


(lC = 500 mAde. 
VCE - 5.0 Vdc) 
15.000 
35.000 
- 
(lC 
& 1.0 Adc, VCE -S.OVdc) 
4,000 
12,000 
- 


Collector-Emitter 
Saturation 
Voltage 
VCElsatl 
- 
1.2 
1.5 
Vde 
(lC - 1.0 Adc,IB· 
2.0 mAdcl 


Base·Emitter 
Saturation 
Voltage 
VBEI •• tl 
- 
1.B5 
2.0 
Vde 
(lC = 1.0 Adc, 
IB 
Z 2.0 mAdc) 


Baso-Emitter 
On Voltage 
VBElon) 
- 
1.7 
2.0 
Vde 
(lC' 
1.0 Adc, 
VCE • 5.0 Vdc) 


Small-5ignal 
Current 
Gain 
Ihlel 
1.0 
3.2 
- 
- 
(lC = 200 mAdc, 
VCE • 5.0 Vdc, I 
Z 100 MHz) 
- 
Collector 
Base Capacitlnce 
CCb 
- 
2.5 
6.0 
pF 
IVC:B' 
10 Vdc, IE - 0, I = 1.0 MHz) 


Uniwau 
darlington 
trlnslltors 
can be used in any numb., 
of low POWI' applications. 
such I' relay drive' •. motor control 
and .1 general 
purpose amplifier •. 
A.an 
audio amplifier thlse device., 
when us.d ••• 
complement.ry 
pair. can drive 3.5 WIUI into a 3.2 ohm spe.ker 
using 


• 
14 volt 
supply 
with 
I••• 
than 
one per 
cent 
distortion. 
Because 
of 
the high 
gein the be •• 
drive 
requirement 
is es lowes 
1 mA 
in thiS application. 


They 
ere .Iso 
u •• ful 
as power 
drivers 
for 
high 
current 
applicetion 
such es volt-ve 
regulator 
•. 
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There 
are two 
limitations 
on the power handling ability 
of 
po 
transistor: 
junction 
temperature 
and secondary breakdown. 
Safe 
operating area curves indicate IC-VCE 
limits of the transistor that 
must be observed 
for reliable 
operation; 
i.e., the transistor 
must not 
be subjected 
to greater dissipation 
than the curves indicate. 


The data of Figure 
5 is based on T J(pk) 
= 150°C; 
T C is variable 
depending on conditions. 
At high case temperatures, 
thermal 
limi- 
tations will reduce the power that can be handled to values less 
than the limitations imposed by secondary breakdown. 


01 . MPS·AlJIOAR L1NGTONI 
02 
Mps·AIO 
OJ Mps·A20 
04 
Mps·U45 
{COMPLEMENTARY 
as 
Mps·U95 
OARLINGTONS 


1 


0118 


04 


041 


1000~F 


81l 


-= 


OJ 
041 


® MOTOROLA 
MPS 


MPS 
USI 
USIA 


. designed 
for complementary 
symmetry 
audio 
circuits 
to S Watts 
output. 


• 
Excellent 
Current 
Gain 
Linearity 
- 
1.0 mAdc 
to 1.0 Adc 


• 
Low Collector· 
Emitter 
Saturation 
Voltage 
- 
VCE(sat) 
= 0.7 
Vdc (Max) @ IC = 1.0 Adc 


• 
Complements 
to NPN MPS-UOI 
and MPS-UOIA 


• 
Uniwatt 
Package 
for Excellent 
Thermal 
Properties 
- 
1.0 Watt@TA 
= 2SoC 


PNP SILICON 
AUDIO 
TRANSISTORS 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MPS-U51 
MPS·U51A 
Unit 


Collector-Emitter 
Voltage 
VCEO 
30 
40 
Vdc 


Collector-Base 
Voltage 
VCB 
40 
50 
Vdc 


Emitter-Base 
Voltage 
VEB 
5.0 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
2.0 
Adc 


Total Power Dissipation 
@ T A'" 2SoC 
Po 
1.0' 
Watt 
Derate 
above 
25°C 
B.O 
mW/oC 


Total 
Power 
Dissipation 
@ TC = 25°C 
PD 
10 
Watts 
Derate 
above 
25°C 
BO 
mWf'C 


Operating and Storage Junction 
TJ.Tstg 
-55 to +150 
..,c 


Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Ch.rKte,istic 
Symbol 
M •• 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
R8JC 
12.5 
°C/W 


Thermal 
Resistance, Junction 
to Ambient 
R8JA 
125 
°cm 


STYLE 1: 


PIN 1. EMITTER 
2.8ASE 
3. COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.14 
9.53 
0.360 
0.375 
B 
6.60 
7.24 
0.260 
0.285 
C 
5.41 
5.66 
0.213 
0.223 
D 
0.38 
0.51 
0.015 
0.021 
F 
3.18 
.11 
n 12~ 
0.131 
G 
2.548SC 
0.100 SSC 
H 
3.94 
4.19 
0.155 
0.165 
J 
0.36 
0.41 
0.01. 
0.016 
K 
12.07 
12.70 
0.475 
0.500 
l 
25.02 
25.53 
0.985 
1.005 


N 
5.08 8Se 
0.200 8Se 
Q 
2.39 
2.69 
0.094 
0.106 
R 
1.1. 
1.40 
0.045 
0.055 


Collector·Emltter 
Breakdown 
Voltage 
BVCEO 
Vdc 


(lC 
'" 1.0 mAde, 
I B 
:>: 0) 
MPS-U51 
30 
- 


MPS-U51A 
40 
- 


Colle..:::tor·Base 
Breakdown 
Voltage 
BVCBO 
Vdc 


lIe'" 
100 ~Ade. 
IE '" 01 
MPS-U51 
40 
- 


MPS-U51A 
50 
- 


Em'tter-Base 
Breakdown 
Voltage 
BVEBO 
50 
- 
Vdc 


liE 
'" 100 J./.Ade, IC '" 01 


Collector 
Cutoff 
Current 
'CBO 
~Ade 


IVCB = 30 Vdc, 'E = 01 
MPS-U51 
.- 
0.1 


IVCB = 40 Vdc, IE = 01 
MPS-U51A 
.- 
0.1 


Emitter 
Cutoff 
Current 
'EBO 
- 
0,1 
jJ.Adc 


IVBE = 30 
Vdc, 'C = 01 


DC Current 
Gain 
hFE 
- 


"C:: 
10 mAde, 
VCE 
'" 1 0 Vde) 
55 
- 


lIc ~ 100 mAde, 
VCE 
= 1 0 Vdcl 
60 
- 


fie 
= 10 
Ade. 
VCE 
." 1 0 Vdcl 
50 


Collector·Emltter 
Saturatton 
Voltage 
VCElsatl 
0,7 
Vdc 
(lC'" 
1.0 Adc, 
IB::" 0.1 Adel 


Base-E mitter 
On Voltage 
VBElon) 
1.2 
Vdc 


IIC 
= .,.0 Adc, 
VCE 
= 1.0 Vdcl 


Current·Ga,n 
Bandwidth 
Product 
IT 
50 
- 
MHz 


IIC 
= 50 mAde. 
VCE 
'" 10 Vde. 
f '" 20 MHzl 


Output 
Capacitance 
Cob 
- 
30 
pF 
(VCB 
= 10 Vdc. 
IE:; 
0, f = 100 kHz) 


SOD 


z 
300 
~ 
>- 
200 
z 
w 
'"'"i3 
'-' 
0 
~ 100 


10 


~CEI= 1.0JdC 
- 
TJ=2SoC 
-- 
--- 


1.0 


0_8 


~ 
0 
06 
~ 
w 
'"~ 
0.4 
'" 
> 
>- 


02 


- 
TJ ~ 2SJC 
II 
II 
~ 
VSElsa,)@lcIIS=10 
__ -r 
J-H'" 
-- 
I--- 
VaE @VCE = 1.0 V 


V 


VCElsa,1@ICIIS = '~.- 


-ttm 


2.0 


~ 
1.0 
~ 
>- 


0_1 
~ 
'" 
D,S 
i3 
'"'" 
~ 


0.3 


8 
0,2 
u 


"', 


" 


"- 
TJ -15lJOC, 
"- 
~- 
.--- 
Secondary 
Breakdown 
Limited 


----- 
Bonding Wire Limited 
t--- _ 
_ _ 
Thermal 
Limitations 
@ 
Te '" 250C 


~I 
I 
I 
APt'icat' 
JO ~VyEP 
I MPS-USI - '\. 


I 
II 


MPS-~SIA 


There are two limitations 
on the power handling ability 
of a tran- 


sistor: 
junction 
temperature 
and 
second 
breakdown. 
Safe 
operating area curves indicate IC-VCE 
limits of the transistor that 
must be observed for reliable operation; 
i.e., the transistor 
must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based on TJ(pkl 
8. 1SOOe: TC is variable 
dp.pending on conditions. 
At 
high case temperatures, 
thermal 
limitations 
will 
reduce the power 
that 
can be handled to values 
lessthan the limitations 
imposed by second breakdown, 


® MOTOROLA 


PNP SILICON 
ANNULAR 
AMPLIFIER 
TRANSISTORS 


designed for general·purpose, high·voltage amplifier 
and driver 
applications 


• 
High Collector·Emitter 
Breakdown Voltage - 


BVCEO = 60 Vdc (Min) @ IC = 1.0 mAdc - MPS-U55 
80 Vdc (Min) @ IC = 1.0 mAdc - MPS-U56 


• 
High Power Dissipation - Po = 10 W @ TC = 250C 


• 
Complements to NPN MPS-U05 and MPS-U06 


L 
----' 


MAXIMUM 
RATINGS 
- 


Rating 
Symbol 
Mps·U55 I MPS·U56 
Unit 


Collector-Emitter 
Voltage 
VCEO 
60 
I 
80 
Vdc 


5~~~lector-8ase 
Voltage 
--~- 
Veil. 
60 
I 
80 
Vdc 


Emitter-Base Voltage 
VES 
4.0 
Vdc 


Collector Current - Continuous 
IC 
2.0 
Adc 


Total 
Power 
Dissipation 
@ T A .: 25°C 
Po 
1.0 
Watt 
Derate 
above 25°C 
8.0 
mW/oe 


Total 
Power Dissipation 
@ TC 
= 25°C 
Po 
10 
Watts 
Derate 
above 
25°C 
80 
mW/oe 


Operating and Storage Junction 
TJ,Tstg 
-5510+150 
°e 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction 
to Ambient 
ROJA 
125 
°CIW 


Thermal Resistance. Junction 
to Case 
ROJC 
12.5 
°C/W 


MPS 


MPS 
U55 
U56 


PNP SILICON 


AMPLIFIER 
TRANSISTORS 


STYlE 
1 
PIN I EMITTER 
_ 
G L.- 


2SA.SE 
3 COtLECTOR 
- 
--N 


MllltMfHRS 
INeHlS 


OIM 
MI. 
MAX 
MI. 
MAX 


• 
9.14 
9.53 
QJ6<) 
0.3/& 
• 
6.60 
'2< 
0.260 
0.285 
+~~1 
s.•• 
0.213 
0.223 
D 
D.38 
53 
D 
1 
0,0 1 
F 
.1 
.1 
.,' 
G 
2.548SC 
0.100 
SSC 
H 
'94 
4.19 
O.ISS 
0.16S 


J 
D.36 
0.41 
0.014 
0.016 
• 
12.01 
12.70 
0475 
O.SOO 
l 
2S.112 
25.S3 
0.985 
1.005 
• 
S OBBSC 
D.2OD8SC 


Q 
.39 
2.S9 
D.••• 
QU16 
• '" ". 


0.045 
0.OS5 


Collector 
Connected 
to Tab 


CASE 152·02 


ELECTRICAL 
CHARACTERISTICS 
(TA = 25°C unless otherwise 
noted) 
I 
Ch.-rlstlc 
I 
Symbol I 


OFF CHARACTERISTICS 


Collector-Emltter Breakdown Vol~ 
(1) 
BVCEO 
Vde 
(lC -1.0 
mAde, lB· 
01 
MPS-U55 
60 
- 
- 
MPS-U56 
BO 
- 
- 


Emitter·B_ 
Breakdown Volt. 
BVEBO 
4.0 
- 
- 
Vde 
(IE - 100I'Ade, 
IC - 0) 


Collector Cutoff Current 
ICBO 
nAde 
(VCB - 40 Vde, IE ·0) 
MPS·U55 
- 
- 
100 
(VCB - 60 Vde,IE· 
0) 
MPS-U56 
- 
- 
100 


OC Current Gein (1) 
hFE 
- 
(lC· 
50 mAde, VCE • 1.0 Vdel 
80 
160 
- 
(lC - 250 mAde, VCE • 1.0 Vde) 
50 
130 
- 
(IC - 500 mAde, VCE • 1.0 Vdel 
- 
80 
- 


Collector-Emitter 
Saturation 
Voltage{ 1) 
VCE(satl 
. 
Vde 
(lC· 
250 mAde, lB· 
10 mAdel 
- 
0.22 
0.5 
(lC· 
250 mAde, lB· 
25 mAdcl 
- 
0.15 
- 


81.Emitter 
On Voltage (11 
VBElon) 
- 
0.78 
1.2 
Vde 
(lC - 250 mAde, VCE· 
5.0 Vdel 


Current-Glin-Blndwidth 
Product (11 
fT 
50 
100 
- 
MHz 
(lC· 
250 mAde, VCE ·5.0 
Vde, I • 100 MHzI 


Output Capaeitlnce 
Cob 
- 
10 
15 
pF 
(VCB· 
10 Vde, IE • 0, 1·100 
kHz) 


Jc~ll"Vd, 


TJ-2S0C 


.......•'" 


There ore two limitltions 
on the po_ 
handling ability 01 I 
tnlnsistor: 
junction 
temperlture 
Ind 
second 
breakdown. 
Sole 
operating Irea curves indicate IC - VCE limits 01 the trlnsistor thlt 
must be observed for relilble operation; 
i.e., the trlnaistor 
must 
not be subjected to greater diaipetion 
thIn the eUNn indicate. 


1.0 


0.8 


~ " 
~ 
« 
0.' 
0 
> 
>' 


02 


0" 


2.0 


~ 
300 
'! 
g 
200 


fz 


~ 
100 


~z' 
10 
~ 


z 
" 


~ 


v-- 
"- 
...•..• 


VCE -SOVI$c 


Tt~~OC 


The dltl 01 Figure 3 ia_ 
onTJ(pkl- 
1500C; TC ia_iable 
depending 
on condition.. 
At high ~ 
temperlturn, 
th.-mol 
limitations will reduce the _ 
thot con be hlndled to Y11lun1_ 
thin the IImitationa imposed by I8COndbreakdown. 


® MOTOROLA 


PNP SILICON 
ANNULAR 
AMPLIFIER 
TRANSISTOR 


designed for general·purpose, high·voltage amplifier 
and driver 
applications . 


• 
High Coliector·Emitter 
Breakdown Voltage - 
BVCEO = 100 Vdc (Min)@ IC = 1.0 mAdc 


MA<XIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEO 
100 
Vdc 


Collector-Base 
Voltage 
Vca 
100 
Vdc 


Emitter-Base 
Voltage 
VEa 
4.0 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
2.0 
Adc 


Total 
Power Dissipation 
@ 
T A 
:1:1 25°C 
Po 
1.0 
Watt 
Derate above 
25°C 
a.o 
mW/oC 


Total 
Power Dissipation 
@ T C ::::25°C 
Po 
10 
Watts 
Derate above 
25°C 
ao 
mW/oC 


Operating 
and Storage Junction 
TJ,Tstg 
-55 to +150 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Ma. 
Unit 


Thermal 
Resistance. Junction 
to Case 
A8JC 
12.5 
°CIW 


Thermal 
Resistance. Junction 
to Ambient 
A8JA 
125 
°CIW 


MPS . U51 


AMPLIFIER 
TRANSISTOR 


PNP SILICON 


STYLE 1: 


PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


MilLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.14 
9.53 
ll.360 
0.315 
8 
6.60 
1.24 
0.260 
0.285 
C 
5.41 
5.66 
0.213 
0.223 
D 
0.38 
0.53 
0.015 
0.021 
F 
1.18 
1.3' 
n.125 
0.131 
G 
2.548SC 
0.100 SSC 
H 
3.94 I 4.19 
0.155 
0.165 
J 
0.36 
I 0.41 
0.014 
0.016 
K 
12.07 
112.70 
0.475 
0.500 
l 
25.02 
125.53 
0.985 
1.005 


N 
5.08 8SC 
0.200 8SC 
Q 
2.39 
I 2.69 
0.094 
0.106 
R 
1.14 
I 1.40 
0.045 
0.1155 


ELECTRICAL 
CHARACTERISTICS 
ITA; 
25°C unless otherwise noted) 
I 
Characteristic 
I 
Symbol 
1====M==in=== 
T_y_p 
M_.x 
U_n_it_~ 


OFF CHARACTERISTICS 


Collector-Emitter 
Breakdown 
Voltage (1) 
BlleEO 
100 
- 
- 
IIde 
(Ie; 
1.0 mAde, '8 
= 0) 


Emttter·8ase 
Breakdown 
Voltage 
BIIEBO 
4.0 
- 
- 
IIde 
(Ie 
= 100 !lAde, IE = 0) 


Collector 
Cutoff 
Current 
leBO 
- 
- 
100 
nAdc 
(lieB = 40 IIde, IE = 01 


DC Current 
Gam 
hFE 
- 


(Ie = 50 mAde, lIeE = 1.0Ilde) 
60 
140 
- 


(Ie = 250 mAde, lIeE = 1.0 IIde) 
30 
65 
.- 


(Ie = 500 mAde, lIeE = 1.0 IIdel 
- 
30 
- 


Collector·Emitter Saturation Voltage 
lIeElsati 
IIde 


(Ie = 250 mAde, 'B = 10 mAde) 
- 
0.24 
0.5 
(Ie = 250 mAde. '8 = 25 mAde) 
- 
0.15 
- 


Base-Emitter On Voltage 
VBE(on) 
- 
078 
1.2 
IIde 
(Ie = 250 mAde, lIeE = 5.0 IIde) 


Current-Gain-Bandwidth 
Product (1) 
IT 
50 
100 
- 
MHz 
(Ie = 250 mAde, lIeE = 5.0 IIde, f = 100 MHz) 


Output Capacitance 
eob 
- 
10 
15 
pF 
(lieB = 10 IIde, 'E = 0, I = 100 kHzl 


200 


z 
100 
~ 


10 
~ " 
0:; 


30 


J'-.,. 


, 


I 
'\ 


VCE ~ 1.0 Vdc 
1\ 


,TJ*250C 
III 


1-1•. 


1 
,. •• 1 
I I IIII 


I 
v8jEl~n@I'cl!B 
~ 10 


1 
,/' 


I 
H-"H' 
,- 


VilElol'l)PVCE: 
50 Vdc 


1 
i 
VCEIW1/~lC!lB 
~ 10 - 
I'll 
I 


" 
04 


03 


01 


01 


o 
10 
20 


20 


~ 
10 


I 
I I 
V 
, 


"'- 
H 
"- '\. 
I 


VCE: 
50Vdc 


1T1JiI"'· 


z 
05 


o 
01 


~ 
DOS 


~002 


TJ ~ ISOOC 


t 
III 


---- 
Second Brukoowfll,mlle-d 


- 
- 
- 
- 
8clldmgW;ft 
l"'''ltd 


--- 
ThetmIILlmlt,uOllttlTC*2S0C 
App1lcM:iItToBVCEO 


001 


000' 


10 


There are two 
limitations 
on the power handling 
ability 
of a 
transistor: 
junction 
temperature 
and 
second 
breakdown. 
Safe 
operating area curves indicate IC - 
VceJimits 
of the transistor that 
must be observed for 
reliable 
operation; 
i.e., the transistor 
must 
not be subjected to greater dissipation 
than the curves indicate. 


The data of Figure 3 is based on TJ(pk) :::1500C; T C is variable 
depending 
on 
conditions. 
At 
high 
case temperatures, 
thermal 
limitations 
will reduce the power that can be handled to values less 
than the limitations 
imposed by second breakdown. 


® MOTOROLA 


PNP SILICON DARLINGTON 
AMPLIFIER 
TRANSISTOR 


• 
High DC Current Gain - 
hFE; 
25,000 (Min) 
@ IC; 
200 mAdc 
15,000 (Min) 
@ IC; 
500 mAdc 


• 
Collector-Emitter 
Breakdown Voltage - 


BVCES; 
40 Vdc (Min) 
@ IC; 
100/JAdc 


• 
Low Collector-Emitter 
Saturation 
Voltage - 


VCE(sat) ; 
1.5 Vdc @ IC ; 
1.0 Adc 


• 
Monolithic 
Construction 
for High Reliability 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Value 
Unit 


Coliector·Emitter 
Voltage 
VCEOll1 
40 
Vdc 


Collector-Emitter 
Voltage 
VCES 
40 
Vdc 


Collector-Base 
Voltage 
VCB 
50 
Vdc 


Emittcr-Base 
Voltage 
VEB 
12 
Vdc 


Collector 
Current 
IC 
2.0 
Adc 


Total 
Device 
Dissipation 
@ T A = 2SoC 
Po 
1.0 
Watt 
Derate above 25°C 
8.0 
mW/oC 


Total Device Dissipation @ TC; 
25°C 
Po 
10 
Watts 
Derate above 25°C 
80 
mW/oC 


Operating 
and Storage 
Junction 
Tj.Tstg 
-55 to +150 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


O1aracteristic 
Symbol 
Max 
Unit 


Thermel 
Resistance. 
Junction 
to Ambient 
8jA 
125 
°CIW 


Thermal 
Resistance. 
Junction 
to Case 
8jC 
12.5 
°C/W 


(1)Oue 
to 
the 
monolithic 
construction 
of this device, 
breakdown 
voltages 
of both 
tran- 


sistor 
elenlents 
are identical. 
BVCES 
is tested 
in lieu 
of 
BVCEO 
in order 
to avoid 


errors 
caused 
by 
noise 
pickup. 
The 
voltage 
measured 
during 
the eVCES 
test 
is the 
BVCEO 
of the output 
transistor. 


PNPSILICON 
DARLINGTON 
TRANSISTOR 


---L 


0.213 
0.223 
fT 
0.415 
0:S5T 
1.005 


. 
1 2 
3 
0.015---1~o.o9~ 
illi18 
II 
0.105 
0.190 
Imii 


Collectorconnectedto tab 


To convertinchesto millimetersmultiplyby25.4 


PIN 1. 
EMITTER 
2. 
SASE 
3. 
COLLECTOR 


ELECTRICAL 
CHARACTERISTICS 
IT A = 25°C unless otherwIse 
noted) 
I 
Characteristic 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter 
Breakdown 
Voltage 
BVCES 
40 
- 
- 
Vde 
(lC = 100 ,.Ade. 
VBE = 01 


Collector-Base 
Breakdown 
Voltage 
BVCBO 
50 
- 
- 
Vde 
(lC = 100 ,.Ade. 
IE = 01 


EmItter-Base 
Breakdown 
Voltage 
BVEBO 
10 
- 
- 
Vde 
liE 
= 10 ,.Ade, 
IC = 01 


Collector 
Cutoff 
Current 
ICBO 
- 
- 
100 
nAdc 
IVCB 
= 30 Vde, IE = 0) 


Emitter 
Cutoff 
Current 
lEBO 
- 
- 
100 
nAde 


(VEB 
• B,O Vde. IC ·01 


DC Current 
Gain 
hFE 
- 


(lC = 200 mAde. 
VCE = 5.0 Vdel 
25.000 
65.000 
150,000 


(I C = 500 mAde. 
VCE = 5.0 Vdel 
15.000 
35.000 
- 


IIC = 1.0 Ade. VCE = 5.0 Vdel 
4,000 
12.000 
- 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
- 
1.2 
1.5 
Vde 
IIC = 1.0 Ade. IB = 2.0 mAde) 


Base-Emitter 
Saturation 
Voltage 
VBElsat) 
- 
1.85 
2.0 
Vde 
(lc 
= 1.0Ade,IB 
= 2.0 mAde) 


Base-Emitter 
On Voltage 
VBElonl 
- 
1.7 
2.0 
Vde 
IIC = 1.0 Ade. VCE = 5.0 Vdel 


Small-5ignal 
Current 
Gain 
Ihfel 
0.5 
32 
- 
- 
(lC = 200 mAde. 
VCE = 5.0 Vde. f = 100 MHz) 


Collector 
Base Capacitance 
Ceb 
- 
2.5 
12 
pF 
IVCB 
= 10 Vde. IE = O. f = 1.0 MHzl 
, 


Uniwatt 
darlington 
transistors 
can 
be used 
In any 
number 
of 
low 
power 
applications. 
such 
as relay 
drivers. 
motor 
control 
and as general 


purpose 
amplifiers. 
As an audio 
amplifier 
these 
devices. 
when 
used 8S a complementary 
pair. 
can drive 
3.5 
watts 
into 
II 3.2 ohm 
spe.ker using 


a 14 volt 
supply 
with 
less than 
one 
per cent 
distortion. 
Because 
of the high 
gain the base drive 
requirement 
IS as low 
as 1 mA 
in this 
epplicat1on. 


They 
are also usefUl 
as power 
drivers 
for 
high 
current 
application 
such as voltage 
regulators. 


I 
- 


viE=jOV 
- 
TJ·1250C 
- 


"\. 


\ 
\ 
= -n 
" \ 
I I 
\. 


--n 


C 
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- 
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~100 
~ 
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;;;: 
'" 
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~ 
'"B 
u 
30 
Q 
~ 


20 


2.5 


2.0 


~ 
1.5 
Q~ 
w 
'"..:; 
1.0 
Q>:> 


0.5 


TJ·250C 


V ~ 


VBE(satltol~IIB' 
500 


VBE to ~C,E = 5.~ V 
./ 
II 


VCE(sa,)@lICIlB' 
500 
II 
II 


=VCE 
• 5.0 Vdc 
~ 
- 
TJ=250C 
'" 
5.0== 
f=100MHz 
•...~ 
'"a 
2.0 


-'.. 
z 
1.0 
'"v;:: 
•• 
0.5 
~i 
0.2 


,.. - 


j 
-/- 


_._- - 
f-- _. 


OVC FOR VCE(sa" 
j/ 
1./ 


-- 


,..... 


.........- 


"""'-;;VB 
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I 
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"- 
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Ther. 
are two limitations 
on the power handling ability of a 
transistor: 
junction 
temperature 
and secondary 
breakdown. 
Safe 
operating 
area curves indicate 
IC-VCE 
limits of the transistor 
that 
must be observed for reliable 
operation; 
i.e., the transistor 
must not 
be subjected 
to greater dissipation 
than the curves indicate. 


The data of Figure 5 is based on TJ(pkl 
= 15o"C; TC is variable 
depending 
on conditions. 
At high case temperatures. 
thermal 
limi- 


tations 
will reduce 
the 
power 
that 
can 
be handled 
to values less 
than the limitations 
Imposed by secondary 
breakdown. 


5·WATT 
AUDIO 
AMPLIFIER 


+20 V 


470 k 


lo.1~F 
1.8k 
lo.1~F 


02 
1.8M 


04 


01 
0.47 
INPUT0----1 


0.1~F 
1.5k 
1000~F 


811 


3.3 k 
-=- 


68 
03 
0.47 
3.0 M 


1.5k 


100~F 


01· Mps·A1310ARLINGTONI 
02 
Mps·A70 
03 
Mps·A20 
04 
Mps·U45 
{COMPLEMENTARY 
05 
Mps·U95 
DARLlNGTDNS 
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N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage. high 
speed power switching applications such as switching regulators.and 
converters or high voltage linear applications such as high voltage 
power supplies. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designers 
Data - 
lOSS. VDS(on) 
and SOA Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement. VG(th) = 4.5 Volts (max) 


D 
1r 
TMDS 


MTM1N95 
MTM1N100 
Rating 
Symbol 
MTP1N95 
MTP1N100 
Unit 


Drain - 
Source Voltage 
VOSS 
950 
I 
1000 
Vdc 


Drain - 
Gate Voltage 
VOGR 
950 


I 


1000 
Vdc 


(RGS = 1.0 mnl 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
10 
1.0 
Pulsed 
10M 
6.0 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total 
Power 
Po 
Watts 
Dissipation 
@ TC '; 25°C 
75 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ. TSl9 
-6510150 
°C 
Temperature 
Range 


Thermal 
Resistance 
R8JC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes, 
1IS'" 


from 
case for 5 seconds 


Designer's 
Data for "Worst 
Case" 
Conditions 


The Designer's 
Data Sheet permits 
the design 
of most circuits 
entirely 
from 
the 
information 
presented. 
Limit data - 
representing 
device Characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" design. 


MTM1N95,MTM1Nl00 
MTP1N95,MTP1Nl00 


N-CHANNEL TMOS 
POWER 
FET 


MTM1N95 


MTM1N100 
Lr 
[A.- l 


~I'~ 


STYLE J 


PIN 
1. 
GATE 


2. 
SOURCE 


CASE ORAIN 


CASE 
1-05 
TO-3 
TYPE 
DIM 


A 
• 
NOTES 
C 


1 
DIMENSIONS 
a AND 
VARE 
DATUMS 
0 


2, W IS SEATING 
PLANE 
AND 
DATUM 
E 


3 
POSITIONAL 
TOLERANCE 
fOR 
f 


MOUNTING 
HOLE 
0 
G 


I .lt13lollOSleITlvel 
~ 


FOR 
LEADS 
~ 


[tlll3lO005l8Tlv8[081 
R 


4 
DIMENSIONS 
AND 
TOLERANCES 
PER 
U 


ANSI 
YIH. 
'973 
V 


MTP1N96 
MTP1N100 
o 


STYLES 


PIN 1 
GATE 


2 
DRAIN 


3 
SOURCE 


4 
DRAIN 


MILLIMETERS 


DIM 
MIN 
MAX 


••• 1511 
1515 


• 
965 
1029 


C 
4,06 
412 


o 
064 
0.89 


F 
361 
373 


Ii 
2.41 
26J 
H 
279 
3.30 


J 
036 
056 


I( 
127014,21 


L 
1.14 
\.2J 


N 
483 
533 
o 
254 
3,04 


R 
204 
V 


S 
1,14 
1,39 


T 
5.9J 
6.48 


U 
0.76 
I.2J 


1,14 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless 
olherwise 
noled) 
I 
Cho,octo,istic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain·Source 
Breakdown 
Voltage 
V(BR)DSS 
Vdc 
(VGS = O. ID = 5.0 mAl 
MTM 1N95/MTP1 
N95 
950 
- 


MTMl 
Nl00/MTP1N100 
1000 
- 


Zero Gate Voltage 
Drain 
Current 
lOSS 
mAdc 


(VDS = 0.B5 Raled VDSS. VGS = 0) 
- 
0.25 
TJ = 100°C 
- 
2.5 


Gate· Body Leakage 
Current 
IGSS 
- 
500 
nAdc 


(VGS = 20 Vdc. VDS = 01 


Gate Threshold 
Voltage 
VGS(lh) 
Vdc 
(ID = 1.0 mA. VDS = VGsl 
2.0 
4.5 
TJ = 100°C 
1.5 
4.0 


Drain-Source 
Dn-Vollage 
(VGS - 10 VI 
VDS(on) 
Vdc 


(10 = 0.5 Adcl 
- 
5.0 
(ID = 1.0 Adcl 
- 
12 
(ID = 0.5 Adc. TJ = 100°C) 
- 
10 


Static 
Drain-Source 
On-Resistance 
rDS(on) 
- 
10 
Ohms 


(VGS = 10 Vdc. ID = 0.5 Adc) 


Forward 
Transconductance 
9fs 
05 
- 
mhos 
(VDS = 15 V. ID = 05 
A) 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


See Figure 9 


See Figure 
10 


SAFE 
OPERATING 
AREAS 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


Turn-On 
Delay Time 
Idlonl 
- 
50 
ns 


Rise Time 
(VDS = 125 V. ID = 0.5 A. 
Ir 
- 
150 
ns 


Turn·Off 
Delay Time 
Rgen = 50 ohms) 
Id(off) 
- 
200 
ns 


Fall Time 
If 
- 
100 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS = 1.0 A 
VSD 
1.0 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
Ion 
250 
ns 


Reverse 
Recovery 
Time 
I 
See Figures 
15 and 16 
Irr 
42D 
ns 


~ -VGS;10V 
J- -VGS; 
6.0 V 
TJ; 
25°C 


VGS; 
5.0 V 


VGS; 
4.0 V 


~ 
:;;5. 
•... 
1.5 
~ 
13z 
1.0 


~ 
'"E 
0.5 


50 
100 
150 
200 


VOS. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 


8' 
1.2 
~ 


""~ 
1.1 
'":!O~~ 
1.0 
'"> 
~ 0.90 
:I: 
~ 
:I: 
•... 
~ 
0.80 


....•..•••. 


VOS ; VGS 


""'- 
10; 
1.0 mA 


~ 
~ 
....•..•••. 


~ 
"- 


"- 
...•..•.. 
£" 


~ 
070 
> 
-50 
-25 
0 
25 
50 
75 
100 


TJ. JUNCTION TEMPERATURE (OCI 


en 
15 
~e 


~ 
12 
z 
~ 


~ 
9.0 


------ 


TJ; 
100°C 
_ f-- 
-- 


./ 


TJ; 
25°C 
~ 
:::..:-r 


~ 
./ 


TJ; 
-55°C 
_ 
I--- 


I 
I 


u 
'"::> 
'""I 
6.0 
~ 
z~ 
'" 
3.0 


1.0 
2.0 
3.0 


10. ORAIN CURRENT (AMPS) 


I 
I 
~ 


TJ - 25°C 
VGS - 10 V 
~ 
[7 


./ 
VGS; 
6.0 V 
r/ 
# 
VGS; 
5.0 V 
'7 --- 
~ 
7 


./ 


./ 


~ 
VGS; 
4.0 V 


~ 


in 2.0 
:E5. 
•... 


~ 
1.5 


13z 
~ 
1.0 


4.0 
8.0 
12 
16 


VOS. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 


i/f/- 
-25°C 


TJ; 
-55°C 
"I 
Ir 
100°C 


VOS; 
20 V 
j 
J 
If! 
h 
VI. 


~ E7' 


in 
~ 
30 
5. 
•...z 
'"'"B 
2.0 
z 
~ 
E 
1.0 


2.0 
4.0 
6.0 
8.0 


VGS. GATE·TO·SOURCE VOLTAGE (VOLTS) 


T 
I 


TJ; 
15°C 
- 
- 


VGS ; 0 
- - 
I; 
1 0 MHz 


\ 


C1SS 
.\ 
1 
,\ 
1 
\ "- 
,- 


Coss 
Crs$'- 


~ 
i?i 1200 
z;: 
U;t 
BOO 
;S 
u 


10~s- 


-1-..1 
~ - 
100 ~s 
~- 
-...•• 
1.0m" 


10 ms 
Typical 
rOS(on) 
limit 


Package 
limit ----- 
dC'i-.- 


Dissipation 
limit --- 


Te:: 
25°C. Single 
Pulse 
MTMlMTPl 
N95 


1 
MTM/MTP1Nl00 
VGS 
20 V 
, 


~ 
3.0 
::;;:'!. 
!z 
~ 
1.0 
a 0.7 


~ 
0.5 


c 0.3 
E 


O. 


0.0720 
30 
50 
70 
100 
200 
300 
500 
700 
1000 


VOS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


The data of Figure 9 is basedon 
Te= 25°C; TJ(pkl is avariable 
depending 
on the power level. The allowable 
current 
at the 
voltages 
shown 
in Figure 9 may be calculated 
for any case 
temperature 
with 
the aid of the following 
equation: 


where 
lolTel 
= the maximum 
allowable 
current 
at a case tern· 
perature. Tc. 
IO(25°C) 
= the maximum 
allowable 
current 
at a given voltage 
from Figure 9. 
= the rated power 
dissipation 
at TC = 25°C. 


= the rated steady state thermal 
resistance 
PD 


ROJC 


TJ <;; 150°C 


MTM/MTPI 
N95 - 
_ 


MTM/MTPI 
Nl 00 - 


;;; 
60 
:E 
~ 
5.0I 
z~ 
cE 
20 


200 
400 
600 
800 


VOS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


For various pulse widths 
and duty cycles. substitute 
ROJC(tl 
determined 
from 
Figures 
11 and 12 for ROJC. 


The switching 
safe operating 
area (SOA) of Figure 10. is the 
boundary 
that the load line may traverse 
without 
incurring 
damagetothe 
MOSFET. The fundamental 
limits are the peak 
current, 10M and the breakdown voltage. V(BR)oSS' The switch· 
ing SOA shown 
in Figure 10 is applicable 
for both turn-on 
and 
turn-off 
of the devices for switching 
times less than one micro- 


second. 


SwitChing 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving impedance. 
Extremelyfast 
switching 
speeds can be attained by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 500 mA. (See Figure 6.) Linear ampli- 
fiers with high frequency 
response can be designed 
using this 
product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage rating 
of ±20 V. Exceeding 
the rated VGS can result 
in permanent 


damage 
to the oxide 
layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


devices due to voltage 
build-up 
on the input capacitor 
due to 
leakage 
currents 
or pickup. 


Gate 
Protection 
- 
These devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode may result 
in detrimental 
effects on the 
reliabilityof 
a power MOSFET.lf 
gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling and Packaging 
- 
MOS ICs are susceptible to damage 
from electrostatic 
charge. 
Experience 
has shown 
that these 
devices are more rugged than MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power devices. however. 
reasonable 
precautions 
in handling 
and"packaging 
MOS devices 
should 
be observed. 
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In the fabrication 
of a TMOS FET, a diode is formed 
across the 
source-to-drain 
terminals 
as shown 
in Figure 15. Rev~rsal of the 
drain voltage will cause current 
flow in the reverse direction. 
This 


diode 
may be used in circuits 
requiring 
external 
fast recovery 
diodes, 
therefore, 
typical 
characteristics 
of the on voltage, 


forward 
turn-on 
and reverse 
recovery times are given. 


OScIlloscope 
Channel A 
Inverted 


, 
I 
I,,, 
- 
IRIRECI = 1.0 A Max 


SOFT 
RECOVERY 


TI 


12DV}:)I 


T2 


1 
60 :-tl 


11 


R1 '" 50 Ohms 
R2 s 250 Ohms 
01' 
lN4723 
02' 
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T2' 11 
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nesi~ner's 
Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage, high 
speed power switching applications such as line operated switching 
regulators, converters, solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at lOQ°C 


• 
O'!signer's 
Data -lOSS, 
VOS(on) VGS(th) and SOA Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement, VG(th) = 4.5 Volls (max) 
o 
,r 
TMOS 


MTM2N45 
MTM2N50 
Rating 
Symbol 
MTP2N46 
MTP2N60 
Unit 


Drain - 
Source 
Voltage 
VOSS 
450 
500 
Vdc 


Drain - 
Gate Voltage 
VOGR 
450 
500 
Vdc 
RGS= t MO 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain 
Current 
Adc 
Continuous 
10 
2.0 
Pulsed 
10M 
7.0 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
Po 
Watts 
Dissipation@ TC= 25°C 
75 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Ts1g 
-6510150 
°C 
Temperature 
Range 


Thermal 
Resistance 
R6JC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering Purposes,1/8" 
from 
case for 5 seconds 


Designe,·. Data for "Wo,.t 
Case" 
Condition. 


The Designer's 
Data Sheet permits 
the design of most circuits 
entirely 
from the 
information 
presented. 
Lirnitdata 
- 
representing 
device characteristics 
boundaries 
- 
Bre 
given to facilitate 
"worst 
case" design. 


MTM2N4S, MTM2NSO 
MTP2N4S,MTP2NSO 


N-CHANNEL 
TMOS 
POWER 
FET 


• STYlE J 


I'lN' 
GAn 


2 
SOURCE 


CASE 
DRAIN 


STYlE ~ 


PIN 
1 
GATE 
2 
DRAIN 


1 
SOURCE 


4 
DRAIN 


1111 
1111,. 
AlII. , 
C 
UII,.•. 


F 
3&1 


G 
241 
H' 
219 
J 
03& 
II: 
12JO 
l 
114 
I 
••,. ". 
I 
, •• 
$ 
1.14 
T 
5.11 
U 
0.16 


'14 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
noted) 
I 
Charaetari.tie 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BR)OSS 
Vde 
(VGS = O. 10 = 5.0 mAl 
MTM2N45/MTP2N45 
450 
- 
MTM2N50/MTP2N50 
500 
- 


Zero Gate Voltage 
Drain Current 
lOSS 
mAde 
(VOS = 0.85 
Rated VOSS, VGS = 0) 
- 
025 
TJ= 
loo·C 
- 
2.5 


Gate-8ody 
leakage 
Current 
IGSS 
- 
500 
nAdc 
(VGS = 20 Vdc, VOS = 0) 


Gate Threshold 
Voltage 
VGS(th) 
Vdc 
(VO = 1.0 mA, VOS = VGS) 
2.0 
4.5 
TJ= 
loo·C 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS = 10 V) 
VOSlonl 
Vdc 
(10 = 1.0 Adc) 
- 
4.0 


(10 = 2.0 Adc) 
- 
10 
(10 = 1.0 Adc, TJ = 1DO·C) 
- 
8.0 


Static 
Drain-Source 
On-Resistance 
rOS(on) 
- 
4.0 
Ohms 
(VGS = 10 Vdc, 10 = 1.0 Adc) 


Forward 
Transconductance 
9fs 
1.0 
mhos 
(VOS = 15 V, 10 = 10 
A) 


SAFE 
OPERATING 
AREAS 


Forward 
Biased Safe Operating 
Area 


SWitching 
Safe Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


See Figure 9 


See Figure 
10 


Turn-On 
Delay Time 
td(onl 
- 
40 
ns 


Rise Time 
(VOS = 125 V, 10 = 1.0 A, 
tr 
- 
60 
ns 


Turn-Off 
Delay Time 
Rgen = 50 ohms) 
td(off) 
- 
60 
ns 


Fall Time 
tf 
30 
ns 


Charlcteri.tic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS = 2.0 A 
VSO 
1.0 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
ton 
150 
ns 


Reverse 
Recovery Time 
I 
See Figures 
15 and 16 
trr 
200 
ns 


VGS; 
10 V 
/ 
VGS; 
7.0 V 
// 


VGS; 
6.0 V 
I 


TJ; 
25°C 


VGS; 
5.0 V 


VGS; 
4.0 V 


~ 
3.0 


:=; 
:5. 
•... 


~ 
2.0 
az: 
c 
1.0 
E 


§ 
1.2 


'";;;. 
~ 
1.1 
0~~ 
c< 
1.0 
~ 
0 
0 
0.90 
~;': 
•... 
0.80 
~ 


""- 
VOS; 
VGS 


"""- 
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"""- 
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.......•.• 
~~ 
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FIGURE 
4 - 
ON·CHARACTERISITCS 
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FIGURE 
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TRANSFER 
CHARACTERISTICS 
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FIGURE 
8 - 
CAPACITANCE 
VARIATION 
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Single 
Pulse 
MTM2N45 
TC: 
25°C 
MTP2N45 


The data of Figure 
g is based on TC: 
25°C; 
TJ(pk) is a variable 
depending 
on the power level. The allowable 
current 
at the 
voltages shown 
in Figure 9 may be cafculated for any case 
temperature 
with the aid of the following 
equation: 


lo(Tc) 
= the maximum 
allowable 
current 
at a case tern· 


perature, TC. 


'O(25°C) 
:;:the maximum 
allowable 
current 
at a given voltage 
from Figure 9. 


:;:the rated 
power 
dissipation 
at TC ::; 25°C. 


:;:the rated steady state thermal 
resistance. 


TJ •• 150°C 
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o 


For various 
pulse widths 
and duty cycles. substitute 
ROJC(t) 
determined 
from 
Figures 
11 and 
12 for ROJC' 


The switct:ling 
safe operating 
area (SOA) of Figure 10. is the 
boundary 
that the load line may traverse 
without 
incurring 
damage 
to the MOSFET. The fundamental 
limits 
are the peak 
current, 
10M and the breakdown 
voltage. V(BR)OSS' The switch· 
ing SOA shown 
in Figure 10 is applicable 
for both turn·on 
and 
turn·off 
of the devices for switching 
times less than one micro· 


second. 
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Switching 
Speed 
- 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds'can 
be attained 
by driving 
the gate from a voltage 
source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear 
at drain currents 
of 500 mA. (See Figure 6.) Linear ampli· 
fiers 
with 
high frequency 
response 
can be designed 
using this 
product. 


Gate 
Voltage 
Rating 
- 
Never exceed the gate VOltage rating 
of ±20 
V. Exceeding 
the 
rated 
VGS can result 
in permanent 


damage 
to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices 
are essentially 
capacitors. 
Circuits 
that leave the gate open-circuited 
or floating 
should 
be avoided. 
These conditions 
can result 
in turn-on 
of the 


devices 
due to voltage 
build-up 
on the input 
capacitor 
due to 
leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have 
an internal 
monolithic 
zener diode from 
gate to source. 
The addition 
of an 
internal 
zener 
diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged 
than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however. 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should 
be observed. 


In the fabrication 
of a TMOS 
FET. a diode 
is formed 
across 
the source-ta-drain 
terminals 
as shown 
in Figure 
15. Reversal 
of the drain 
voltage 
will cause 
current 
flow 
in the reverse 
di- 


rection. 
This diode 
may 
be used in circuits 
requiring 
external 
fast 
recovery 
diodes. 
therefore, 
typical 
characteristics 
of the 
on voltage, 
forward 
turn-on 
and 
reverse 
recovery 
times 
are 


given. 
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Desi~ner's 
Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage. high 
speed power switching applications such as switching regulators. 
converters. high voltage power supplies and grid drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designers 
Data - 
IDSS. VDS(on) 
and SOA Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement. VG(th) = 4.5 Volts (max) 
o 
,r 
TMDS 


MTM2N86 
MTM2N90 
Rating 
Symbol 
MTP2N86 
MTP2N90 
Unit 


Drain - 
Source Voltage 
VOSS 
850 
900 
Vdc 


Drain - 
Gate Voltage 
YOGA 
850 
900 
Vdc 
lAGS = 1.0 mO) 


Gate - 
Source Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
10 
2.0 
Pulsed 
10M 
7.0 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
Po 
Watts 


Dissipation 
@ TC = 25°C 
75 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ, Tstg 
-65 
to 150 
°C 
Temperature 
Range 


Thermal 
Resistance 
ASJC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes. 
1IS" 


from 
case for 5 seconds 


Designer', Dltl for "Worst e.se" Condition. 


The Designer's 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the 
information 
presented. 
Limitdata 
- 
representing 
device characteristics 
boundaries 
-are 
given to facilitate 
"worst 
case" 
design. 


MTM2N8S, MTM2N90 
MTP2N8S, MTP2N90 


2.0 AMPERE 


N-CHANNEL 
TMOS 
POWER 
FET 


'OSlon) 
= 8.0 OHMS 
860 .nd 
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To-3 
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II" 
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3.11 
4." 
0.150 
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.61 
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'.Il 
5.33 
0.190 


V 
,., 
4.19 
0.150 


STYLES 
I'1N I 
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3. 
SOURCE 


4. 
OIlAIN 


lIIILUM£TERS 
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I. - 
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15.1 
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IO.2lI 


t 
..•. 
4.1' 
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• ••• 
,.II 
0.025 
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.41 
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'DS 
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n• u. 
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J .'" 
.... 
0.014 
'02' 
• 
12.10 
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• .., 
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• 
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T .., 
U. 
D.US 
• 
0.11 
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1.14 
DO" 


ELECTRICAL 
CHARACTERISTICS 
(Te: 
25°e 
unless otherwise 
noted) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Orain·Source 
Breakdown 
Voltage 
V(BA)OSS 
Vdc 
(VGS: 
0.10: 
5.0mA) 
MTM2NB5/MTP2NB5 
850 
- 
MTM2N90/MTP2N90 
900 
- 


Zero Gate Voltage 
Drain Current 
lOSS 
mAdc 
(VOS: 
0.B5 Aated VOSS. VGS: 
0) 
- 
0.25 
TJ: 
tOOOe 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
- 
500 
nAdc 
IVGS: 
20 Vdc. VOS: 
0) 


Gate Threshold 
Voltage 
VGS(th) 
Vdc 
(10: 
1.0 mA. VOS: 
VGS) 
2.0 
4.5 
TJ: 
l000e 
1.5 
4.0 


Drain-Source 
On-Voltage 
IVGs: 
10 V) 
VOSlon) 
Vdc 


(10: 
1.0 Adc) 
- 
8.0 
(10: 
2.0 Adc) 
- 
20 
(10: 
1.0 Adc. TJ =100°C) 
- 
16 


Static Drain-Source 
On-Resistance 
rOSlon) 
- 
8.0 
Ohms 
(VGS: 
10 Vdc. 10: 
1.0 Adc) 


Forward 
Transconductance 
9ls 
0.5 
- 
mhos 
(VOS: 
15 V. 10: 
1.0 A) 


Input Capacitance 


Output 
Capacitance 


Reverse Transfer 
Capacitance 


See Figure 
9 


See Figure 10 


SAFE OPERATING 
AR.EAS 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


Turn-On 
Delay Time 
tdlon) 
- 
50 
ns 


Rise Time 
IVos: 
125 V. 10: 
1.0 A- 
tr 
- 
150 
ns 


Turn-Off 
Delay Time 
Agen: 
50 ohms) 
td{otl) 
- 
200 
ns 


Fall Time 
·tl 
- 
100 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS: 
2.0A 
VSO 
1.0 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS: 
0 
ton 
250 
ns 


Reverse 
Recovery Time 
I 
See Figures 15 and 16 
trr 
420 
ns 


Output. 
Vout 


(Inverted) 


I/vGS 
= 10 V 
TJ = ~5°C 
1- VGS! 
6.0 V 
Y 
I 


VGS = 5.0 V 


VGS = 4.0 V 
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III 
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TC= 25°C SinglePulse 


VGS = 20 V 
0.1 


1 


The data of Figure 9 is based on TC = 25°C; TJ(pk) is a variable 
depending 
on the 
power 
level. 
The allowable 
current 
at the 
voltages 
shown 
in Figure 
9 may be calculated 
for 
any case 
temperature 
with the aid of the following 
equation: 


[ 
TC - 250C] 
= IO(25°q 
1 ----- 
Po ReJC 
where 
IO(Te) 
= the maximum 
allowable 
current 
at a case tem- 


perature, 
TC. 


IO(25°C) = the maximum allowable 
current at a given voltage 
from Figure 9. 


= the rated power dissipation 
at TC = 25°C. 


= the rated steady state thermal 
resistance 


f::; 
5- 


6.0 
~!4.0 
z~ 
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TJ<; 
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1 
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I 
I 
200 
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SOO 


VoS. 
oRAIN·TO·SOURCE 
VOLTAGE (VOLTS) 


For various 
pulse widths 
and duty cycles. substItute 
R8JC(tl 


determined 
from Figures 
11 and 12 for R9JC. 


The switching 
safe operating 
area (SOAI of Figure 
10. is the 
bou ndary 
that 
the load Ii ne may traverse 
without 
i ncurri 
ng 
damage 
to the MOSFET. The fundamental 
limIts 
are the peak 
current, 
10M and the breakdown 
voltage. VIBR)OSS. The switch- 


ing SOA shown 
in Figure 10 is applicable 
for both turn-on 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second. 


Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 500 mA. (See Figure 6.) Linear ampli- 
fiers with 
high frequency 
response 
can be designed 
using this 
product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated 
VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


devices due to voltage 
build-up 
on the input 
capacitor 
due to 
leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged 
than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however, 
reasonable 
precautions 
In handling 
and packaging 
MOS devices should be observed. 
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In th'e fabrication 
of a TMOS 
FET, a diode is formed 
across the 


source-to-drain 
terminals 
as shown 
in Figure 15, Reversal of the 
drain voltage will cause currentflowin 
the reverse direction, 
This 


diode 
may be used in circuits 
requiring 
external 
fast 
recovery 


diodes, 
therefore. 
typical 
characteristiCS 
of the on voltage, 


forward 
turn·on 
and reverse 
recovery times are given, 
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Designer's Data Sheet 


P-CHANNEl 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed 
for high voltage, 
high 


speed power switching 
applications such as line operated switching 
regulators, converters, solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100° C 


• 
Designer's 
Data 
- 
lOSS, 
VDS(on) 
and SOA Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Po,wer Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement, 
VG(th) = 4.0 Volts (max) 


lr 
TMOS 


MTM2P45 
MTM2P50 
Rating 
Symbol 
MTP2P45 
MTP2P50 
Unit 


Drain 
- 
Source 
Voltage 
VDSS 
450 
500 
Vdc 


Drain - 
Gate Voltage 
VDGR 
450 
500 
Vdc 
(RGS= 1.0 MOl 
, 


Gate - 
Source Voltage 
VGS 
±20 
Vdc 


Drain 
Current 
Adc 
Continuous 
ID 
2.0 
Pulsed 
IDM 
8.0 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
PD 
75 
Watts 


Dissipation@ TC= 25°C 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Ts1g 
-65 io 150 
°C 
Temperature 
Range 


Thermal 
Resistance 
R9JC 
1.67 
°C/W 


Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 


Soldering 
Purposes, 
1IS'" 


from case for 5 seconds 


Designer's 
Data for "Worst 
Case" 
Conditions 
The Designer's 
Data Sheet 
permits 
the design 
of most circuits 
entirely 
from 
the 


information 
presented. 
Limit data - 
representing device characteristics 
boundaries 
- 
are 


given 
to facilitate 
"worst 
case" 
design. 


MTM2P45, MTM2P50 
MTP2P45,MTP2P50 


P-CHANNEL 
TMOS 
POWER 
FET 


STYLEJ 


PIN 
1. 
GATE 
2 
SOURCE 


CASE DRAIN 


MILLIMETERS 
INCHES 


DIM 
MI' 
M., 
MI' 
M., 


• 
39.31 
- 
I.SS0 
• 
- 
21.08 
11830 


C 
6.35 
1.62 
0.250 
0300 
0 
091 
1.09 
0.038 
004' 


E 
U 
1.11 
0.055 
0-010 


F 
J015BSC 
1.IIJ 
sc 


G 
1092BSC 
O4308se 
• 
546aSt 
0215asc 


J 
16898st 
0.6658sc 
, 
1118 
1219 
0.440 
048(1 


Q 
38\ 
419 
0,150 
0165 


R 
- ,." 
- 
1.050 


U .., 
.3l 
"01 
0.210 


V 
38\ 
419 
O,ISO 
0165 


STYLE 
5 


PIN 1 
GATE 
2 
DRAIN 


3. 
SOURCE 
4. 
DRAIN 


MILLIMETERS 
INCHES 


O,M 
M" 
MAX 
M" 
MAX 
• 
1511 
151 
0.595 
0.620 


• 
U5 
10.29 


C 
'DO 
4.12 
0.160 
0.190 
0 
0." 
0.89 
0.025 
0.035 


F 
3.61 
J.73 
0.142 
0.147 


G 
HI 
2.67 
0.095 
0.105 
• 


2.79 
,3<1 
0.110 
0.130 
j 
0." 
0." 
0.014 
0022 
, 
12.70 
14.27 
0.500 
0.562 


L 
1.14 
1.27 
0.045 
OOSO 
• 
UJ 
533 
0.190 
0.210 
Q 
'54 
3.04 
0.100 
.120 
• ". 
2.79 
0,080 
0.110 
, 
1.14 
1.39 
0.045 
0.055 
T 
SJ' 
.... 
0.235 
0.55 
u 
0.76 
1.2J 
0.0 
0.050 


1.14 
0.045 


ELECTRICAL 
CHARACTERISTICS 
ITe = 25°e 
unless 
vtherwise 
noted) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
VIBR)OSS 
Vdc 
(VGS = 0,10 
= 5.0 mAl 
MTM2P45/MTP2P45 
450 
- 
MTM2P50/MTP2P50 
500 
- 


Zero Gate Voltage 
Drain 
Current 
lOSS 
mAde 
(VOS = 0.B5 
BVOSS, VGS = 0) 
- 
0.25 
TJ = 1000e 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
- 
500 
nAdc 
(VGS = 20 Vdc, VOS = 0) 


Gate Threshold 
Voltage 
VGS(th) 
2.0 
4.5 
Vdc 
(10 = 1.0 mA, VOS = VGS, TJ = 100° e) 
1.5 
4.0 


Orain-Source 
On-Voltage 
(VGS = 10 V) 
VOSlon) 
Vdc 
(10 = 1.0 Adc) 
- 
6.0 
(10 = 2.0 Adc) 
- 
12.5 
(10 = 1.0 Adc, TJ = 100°C) 
- 
12.0 


Static 
Drain-Source 
On-Resistance 
rOS(on) 
- 
60 
Ohms 
(VGS = 10 Vdc, 10 = 1.0 Adc) 


Forward 
Transconductance 
9ls 
0.5 
- 
mhos 


IVOS = 15 V, 10 = 1.0 A) 


SAFE 
OPERATING 
AREAS 


Forward 
Biased 
Safe Operating 
Area 


Switching 
Safe 
Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


Turn-On 
Delay Time 
Id(on) 
- 
50 
ns 


Rise Time 
(VOS = 125 V, 10 = 1.0 A, 
tr 
- 
100 
ns 


Turn-Off 
Delay Time 
Rgen = 50 ohms) 
Id(olt) 
- 
150 
ns 


Fall Time 
II 
- 
50 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
IS - 2.0 A 
VSO 
1.8 
Vdc 


Forward 
Turn·On 
Time 
VGS = 0 
'on 
50 
ns 


Reverse 
Recovery 
Time 
See Figures 
15 and 16 
Irr 
120 
ns 


't~VGS 
~ 20 
VGS-l0V 
I 
T ]7 
VGS ~8.0 
V 


TJ ~ 25°C 


V 
VGS~7.( 
V 


VGS ~ 6.0 V •••••• 


- 
- 
VGS~5.0V" 
/VGS~4.0V 
- 


in 
:; 30 
~... 
~B 
2.0 
z~ 
c 
E 
1.0 


FIGURE 
5 - 
GATE-THRESHOLD 
VOLTAGE 
VARIATION 
WITH TEMPERATURE 
(NORMALIZED) 
g 
1.2 


::l.. 
~ 
1.1 
c~ 


'"~ 
1.0 
~ 
c 
'"~ 
0.90 
~ 


~ 
0.80 


I 
"'" 
VOS ~ VGS 
~ 
10 ~ 1.0 mA 
~ 
~ 
~ 
'-..... 


•..••..• 


"- 
.....••.. 
~ 
~ 
0.70 
> 
-50 
-25 
0 
25 
50 
75 
100 


TJ. JUNCTION TEMPERATURE (0C) 


in 8.0 
~ 


VG~ ~ 10 V 


TJ ~ lOooC 
-- 
-I--- 


TJ ~ 25°C - 
J-- 
- 
TJ ~ -55°C 


~ 
4.0 
=>5l 
$z 
~ 
2.0 


4.0 
8.0 
12 
16 


VOS. ORAIN- TO-SOURCE VOLTAGE (VOLTS) 


I 'I 


VOS ~ 20 V 
TJ ~ -55°C- '--' '71\ 


TJ ~ 25°C- f----f '/ \ 
II 
TJ ~ lOO°C 
VII 
hr7 
1// 
V 
'A 
I.d:/' 


I 
TJ ~ 25°C 
- 
VGS ~ 0 
- 
f ~ 1.0 MHz 


..••.•.. 
Ciss ••••.• 


1,\, 
Coss 
.Crss 
..••.•.. 


~ 1200 
u;tj 
800 
u 


10 


'"~ 
:;;~ 
•...I 
1.0 
z~ 
0 
E 


101.J.S 


- 


1000- 
- 
'I.. 
.- 


TOS(onllimit 
- - 
-- 
~m)" 


Package 
limit 
- 
10 m 


Thermal limit 


Vgs - 20 V 
MTM2P50 
-de 


- 
Single Pulse 
MTT 
5 
,D MTM2P45 
TC ~ 25°C 
MTP2P45 


10 
100 
200 


liDS. 
ORAIN-TO-SOURCE 
VOLTAGE (VOLTS) 


MTM/MTP2P45 


MTMIMTP2P50 


TJ";150°C 
I 
I 
I 


~ 
:;;~ 
•... 60I 
z: 
4.0 
~ 
.9 
2.0 


100 
200 
300 
400 


VOS. ORAIN-TO--SOURCE 
VOLTAGE (VOlTS) 


The data of Figure 9 is based on Tc;; 25°C; TJ(pk) is a va~iable 
depending 
on the power 
level. The allowable 
current 
at the 
voltages 
shown 
in Figure 
9 may be calculated 
for any case 


temperature 
with 
the aid of the following 
equation: 


[ 
TC-250CJ 
~ ID(25°C) 
1 ----- 
PD ROJC 
where 
IO(TC) 
;; the maximum 
allowable 
current 
at a case tem- 
perature, TC. 
IO(25°CI 
;; the maximum 
allowable 
current 
at a given voltage 
from Figure 9. 
;; the rated power 
dissipation 
at Tc;; 25°C. 
;; the rated steady state thermal 
resistance 


For various 
pulse widths 
and duty cycles. 
substitute 
ROJC(t) 
determined 
from Figures 
11 and 12 for ROJC. 


The switching 
safe operating 
area (SOA) of Figure 10. is the 
bou ndary 
that 
the load Ii ne may traverse 
without 
i ncurri 
ng 
damage 
to the MOSFET. The fundamental 
limits 
are the peak 


current, 
IDM and the breakdown 
voltage. V(BR)DSS. Theswitch- 
ing SOA shown 
in Figure 10 is applicable 
for both turn40n 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second. 


~ 
0.5 
wz 
>« 
i= 
~ 
0.3 
~~ 
::t ~ 
0.2 
w~ 
c« 
~ 
~ 
0.1 


:Ow 
«x 
::;0- 
Ct: 
~ 
0.05 
oz 
zw 


~ 
~ 
0.03 


~ 
0.02 


DUTY CYCLE. 0 = t 1/12 
±ITIn 


11~2j 


R9JC(I) = r(l) R9JC 
R9JC = 1.67°C/W 
Max 


o curves 
apply tor power 


Pulse 
train shown 


Read 
time 
at t, 


TJ(pk) - TC = p(pkl R9JC(11 


uz 
~ 
~ 
03 
02 


~ C 
02 


;~ 
~ 
0.1 


~ 
~ 
0.1 
~ ~ 
0.07l== 
0.05 


~ - 
0.05 I-- 
0.02 


g 
003 
-.:- 
0.02 Wo:t== •.... 
-----r1 
SI~G\Er~L~\ 


0.01 
DOl 


III 


I '±ill 


P(pk)rJUl 


~~~ 


DUTY CYCLE. 0 = IJ 112 


R9JC(t) = '(0 
R9JC 
R9JC = 1.67°C/W 
Max 


o curves 
apply for power 


Pulse 
train 
shown 


Read time at tl 


TJ(pkl- 
TC = P(pk) R9JC(tl 


2.0 
5.0 


t. TIME (m,) 


Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 


linear at drain currents 
of 500 mA. (See Figure 6.) Linear ampli- 
fiers with 
high frequency 
response can be designed 
using this 
product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


devices 
due to voltage 
build-up 
on the input 
capacitor 
due to 
leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode may result 
in detrimental 
effects 
on the 


reliability 
of a power MOSFET. If gate protection 
is required, 
an 


external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices are more rugged than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices, 
however, 
reasonable 
precautions 
in handling 


and packaging MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET. a diode is formed 
across the 
source·to-drain 
terminals 
as shown 
in Figure 13. Reversal 
0'1the 
drain voltage will ca~se current flow in the reverse direction. 
This 


diode 
may be used 
in circuits 
requiring 
external 
fast 
recovery 
diodes. 
therefore. 
typical 
characteristics 
of the 
on voltage. 


forward 
turn-on 
and reverse 
recovery 
times are given. 


OSCilloscope 


Channel 
A 
Inverted 


, 
I,,,, 
- 
IRIREC) = 1.0 A Max 


SOFT 
RECOVERY 


Tl 


120v}jT 


1 


2 


1 
60 Hz 


L1 


R1 '" 50 Ohms 
R2' 
260 Ohm. 
01·1N4723 
02' 
lN40D1 
03' 
lN4933 
SCRI • MCR729·1C 
Cl"'0.51050~F 
C2"" 4000 ~F 
11 • 1.0 - 27.H 
T1 " Variac Adju$t5 
IIPK) and dl/dt 


T2:;; 1:1 
T3:: 
1;1 lto trigger 
CirCUli) 


CURRENT 
VIEWING 
RESISTOR 


® MOTOROLA 
NnnM3N35,NnnW3N40 
MTP3N35, MTP3N40 


D(>si~ne •.'s Data 
Sheet 


N-GHANNEL 
ENHANCEMENT 
MODE 
SILICON 
GATE 
TMOS 
POWER 
FIELD 
EFFECT 
TRANSISTOR 


These 
TMOS 
Power 
FETs are designed 
for high 
voltage. 
high 
speed power 
switching 
applications 
such as line operated 
switch- 
ing regulators. 
converters. 
solenoid 
and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds 
- 
Switching 
Times 
Specified 
at 100·C 


• 
Designers 
Data - 
lOSS. VDS(on). 
VGS(th) 
and SOA Specified 
at Elevated 
Temperature 


• 
Rugged 
- 
SOA is Power 
Dissipation 
Limited 


• 
Source 
to Drain 
Diode 
Characterized 
for Use With 
Inductive 
Loads 


• 
Low Drive 
Requirement. 
VG(th) 
= 4.5 Volts 
(max) 


N-CHANNEL TMOS 
POWER 
FET 


,r 


MTM3N3 
MTM3N40 
RlIting 
Symbol 
MTP3N35 
MTP3N40 
Unit 


Drain - 
Source Voltage 
VDSS 
350 
400 
Vdc 


Drain - 
Gate Voltage 
VDGR 
350 
400 
Vdc 
(RGS ~ 1.0 MO) 


Gate - 
Source Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
ID 
3.0 
Pulsed 
IDM 
8.0 


Gate Current - 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
PD 
Watts 
Dissipation @TC = 25'C 
75 
Derate above 25"C 
0.6 
wrc 


Operating and Storage 
TJ. Tstg 
-65to 
150 
·c 
Temperature Range 


Thermal Resistance 
R8JC 
1.67 
.c/w 
Junction to Case 


Maximum lead Temp. for 
Tl 
275 
·c 
Soldering Purposes. 118" 
from case for 5 seconds 


Deligne,", Data for UWorat C••• ••Conditions 


The Designers 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the 
information 
presented. 
Limit data - 
representing 
device characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" design. 


L~?lr 


~ 
I.. 
~~~ 


~ 
J 


STYLE 
J 


PIN 
1 
GATE 


2 
SOURCE 


CASEOUIN 


MTP3N35 
MTP3N40 
o 


STYlE 5 


PIN 1 
GATE 
2 
DRAIN 


3. 
SOURCE 


4. 
DRAIN 


•••lU_n:"S 
DIM 
lIUlI 
MAX 
A 
393J 


• 
21.111 
C 
6.35 
7.62 
o 
0.9J 
1.09 


E 
4 
11 
F 
30.1 
SC 


Ii 
10928SC 


H 
5468SC 


J 
16.198SC 


It 
IUI 
12.19 
Q 
H1 
419 


A 
251 


U 
4.13 
$33 


V 
U\ 
419 


o.Jo 
1.111 SC 


0.4308SC 


02158SC 


0"58SC 
04400480 
OI!lO 
0165 
'50 


0\90 
0210 


01!1O 
0.165 


=1rF 


S 
c 


I~} 


• 
L.J 


I 
tu 
r-I 
JD~ 
. 
,. 


UJSECT 
.••.•• 


-l 
~R 
j'lJ-'-lt' 
~ 
-JI-J 
D-H- 
G 


N 


I.,. 
MtllIMETERS 
INCHES 
.,. 
0•• 
0'. 
0•• 
• 
1511 ,. 
, 
62' 
• 
., 
ID.lt 
C 
'.116 
4.12 
0.160 
0.190 
,.•. 
,.n 
0.025 
0.035 


F 
'" 
3.13 
0.142 
0141 
2.41 
2.11 
'.095 
0_10$ 
• 
2.7. '" 


0110 
'13' 
J ". 
'51 
0.014 
0022 
, 
12.10 
IU7 ,... un 
l 
1.14 
127 
0_04$ ''''' 
• ..., 
5.33 ".. 
02\ 
• ". 
'.04 '"" 


0.\20 
• 
1.04 
2.7. 
'010 
0.110 
S 
1.14 ". 
0045 
0.055 


T 
5.97 
••• 
0.35 
0.25 


U 
0.16 
1.27 ,. 
0.050 
1.14 
0045 


ELECTRICAL CHARACTERISTICS 
(TC ~ 25"C unless otherwise 
noted) 


Characteristic 


Drain·Source 
Breakdown 
Voltage 
V(BR)OSS 
Vdc 
(VGS ~ 0, 10 ~ 5.0 mA 
MTM3N351MTP3N35 
350 
- 
MTM3N4OIMTP3N4O 
400 
- 


Zero 
Gate 
Voltage 
Drain 
Current 
lOSS 
mAde 
(VOS ~ 0.85 Reted VOSS, VGS = 0) 
- 
0.25 
TJ = l00"C 
- 
2.5 


Gate-Body 
leakage 
Current 
'GSS 
- 
500 
nAdc 
(VGS ~ 20 Vdc, VOS ~ 0) 


Gate 
Threshold 
Voltage 
VGS(thl 
Vdc 
(10 = 1.0 mA, VOS = VGSI 
2.0 
4.5 
TJ = 100"C 
1.5 
4.0 


Drain-Source 
OnNoltage 
(VGS 
= 10 VI 
VOS(on) 
Vdc 


(10 = 1.5 Adc) 
- 
5.0 
(10 ~ 3.0 Adc) 
- 
12 
(10 = 1.5 Adc, TJ ~ 10o-C) 
- 
10 


Static 
Drain-Source 
On-Resistance 
'OS(on) 
- 
3.3 
Ohms 
(VGS = 10 Vdc, 10 = 1.5 Adc) 


Forward 
Transconductance 
9fs 
0.75 
- 
mhos 
(VOS ~ 15 V, 10 ~ 1.5 A) 


Input 
Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


Forward 
Biased 
Safe 
Operating 
Area 


SWitching 
Safe 
Operating 
Area 


Turn-On 
Delay 
Time 
'd(on) 
- 
40 
ns 


Rise 
Time 
(VOS ~ 125 V, 10 ~ 1.5 A, 


" 
- 
60 
ns 


Turn-Off 
Delay 
Time 
Agen 
= 50 
ohms) 
'd(off) 
- 
60 
ns 


Fall 
Time 
tf 
- 
30 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
IS = 3.0 A 
VSO 
1.0 
Vdc 


Forward 
Turn-On 
Time 
VGS ~ 0 
ton 
190 
ns 


Reverse 
Recovery 
Time 
See 
Figures 
15 and 
16 
trr 
300 
ns 


Ivds = 10 
l 
V 


VGS-7.0V 


T 
.VGS = 6.0 V 


TJ = 25°C 


VGS = 5.0 V 


~ 
3.0 
~~i 
_ 
2.0 
Gz 
~E 
1.0 


FIGURE 6 - 
GATE·THRESHOLD 
VOLTAGE 
VARIATlON,WITH 
TEMPERATURE 
(NORMALIZED) 
g 
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10. ORAIN CURRENT (AMPS) 


VGS = 10 V r. 
V 
l-- 


TJ=25°C 
>- /' 
VGS = 7.0 V 


/-V 
~IV" 
0-- 


VGS - 6.0 V 


/ 


J 
VGS = 5.0 V 
V 


en 3.0 
~~ 
••i 2.0 
Gz 
~E 1.0 


I 
17 
7f 


VOS=20V 
l 
J/ 


TJ = -55°C 
1----.1 
/j. 
TJ= 
100°C 
7J4L 
TJ = 25°C 
71J 
lIT 


JJf 
tJI 
L..a 


500 


400 


- 
'-' 
300 
z 
'"5: 200 
5u 


100 


I 


TJ = 25°C 


VGS = 0 
,\. 
Ciss 
f = I 0 MHz 


\\ r-- 
Coss 
'- 
Crss 


10/" 


r--;-. 
1I,100/" 


1.0 m.'\. 


I 
"- "- 
./ 
rOS(onllimit 
---- 


Package 
limit 
-- 
Om 


Thermal 
limit 


MTM3N40 
_de 


VGS=20V 
MTP3N40 
------- 


Single 
Pulse 
I I MTM3N35 
- 
TC = 25°C 
MTP3N35 - 


10 
100 


VOl). ORAIN-TO-SOURCE VOLTAGE(VOLTS) 


TJ <;150°C 
MTM3N40- 
r----.. 


M 
I 
TP3N40 
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MTM3N35 
- --. 


MTP3N~5 


_ 8.0 
~!fO 


~ 4.0 
~ 
c 
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The data of Figure 
9 is based on TC ;: 25°C; 
TJ(pk) is a variable 
depending on the power level. The allowable 
current 
at the 
voltages shown 
in Figure 9 may be calculated 
for any case 
temperature 
with the aid of the following 
equation: 


[ 
TC - 25 


0cJ 
= IO(25°C) 
1 - --- 
Po R8JC 
where 
10(Te) 
;: the maximum 
allowable 
current 
at a case tem- 


perature. TC. 


10(25°CI 
;: the maximum 
allowable 
current 
at a given voltage 
from 
Figure 9. 
;: the rated power 
dissipation 
at TC :; 25°C. 
;: the rated steady state thermal 
resistance 


The switching 
safe operating 
area (SOA) of Figure 
10. is the 
boundary 
that the load line 
may traverse 
without 
incurring 
damage 
to the MOSFET. The fundamental 
limits 
are the peak 


current, 
10M end the breakdown 
voltage, 
V(BR)OSS' 
The switch- 
ing SOA shown 
in Figure 
10 is applicable 
for both turn-on 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second. 
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1. TIME 
(msl 


Switching 
Speed 
- 
The switching 
speeds of these devices 
are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving 
the gate from a voltage source. 


Transfer 
Characteriitici 
- 
The transfer 
characteristics 
are 
linear 
at drain currents 
of 500 mA. (See Figure 6.) Linear ampli· 


fiers 
with high frequency 
response 
can be designed 
using 
this 
product. 


Gete Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated VGS can result 
in permanent 


damage 
10 the oxide layer in the g8te region. 


Gate Termination 
- 
The gat8 of these devices 
are essentially 
capacitors. 
Circuits 
that leave the gate open-circuited 
or floating 
should 
be avoided. 
These conditions 
can result 
in turn-on 
of the 


Gate Protection 
- 
These devices do not have an internal 
monolithic 
zener diode from 
gate to source. 
The addition 
of an 
internal 
zener diode may result 
in detrimental 
effects 
on the 
reliabilitv 
of a power 
MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices are more rugged than MOS ICs. This is primarily 
due 
to the comparatively 
larger 
capacitances 
associated 
with 
power 
devices. however. 
reasonable 
precautions 
in handling 
and packaging MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET. a diode is formed across the 
source-to-drain 
terminals 
as shown 
in Figure 11. Reversal of the 
drain voltage will cause current flow in the reverse direction. 
This 


diode 
may be used in circuits 
requiring 
external 
fast recovery 
diodes. 
therefore. 
typical 
characteristics 
of the on voltage. 
forward 
turn-on 
and reverse 
recovery times are given. 


Oscilloscope 
Channel 
A 
Inverted 


,,,,, 
- 
'RlREC) = 1.0 A Ma. 
Soft Recovery 


R1 = 50 Ohms 
R2 = 250 Ohms 
01 = 1N4723 
02 = 1N4001 
03 = 1N4933 
SCR1 = MCR729-10 


Cl =0.5to50~F 
C2 = 4000 
~F 
Ll = 1.0-27 
~H 
"1 = Variac Adjusts 
IlPK) end di/dt 
T2 = 1:1 
T3 = 1: 1 (to trigger 
circuit) 


Current 
Viewing 
Resistor 
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N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage, high 
speed power switching applications such as line operated switching 
regulators, converters, solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at lOQ°C 


• 
Designer's 
Data - 
lOSS, VDS(on) 
and SOA Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement, VG(th) = 4.5 Volts (max) 
1r 
TMOS 


MTM3N65 
MTM3N60 
Rating 
Symbol 
MTP3N66 
MTP3N60 
Unit 


Drain 
- 
Source 
Voltage 
VOSS 
550 
600 
Vdc 


Drain - 
Gate Voltage 
VOGR 
550 
600 
Vdc 
IRGS = 1.0 mn) 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain 
Current 
Adc 
Continuous 
10 
3.0 
Pulsed 
10M 
10 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total 
Power 
Po 
75 
Watts 
Dissipation 
@ TC = 25°C 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 
to' 
50 
°C 
Temperature 
Range 


Thermal 
Resistance 
R8JC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
Tl 
275 
°C 


Soldering 
Purposes. 
1IS- 


from 
case for 5 seconds 


Designe,'s oeta for "Worst C••••• Conditions 


The Designer's 
Data Sheet 
permits 
the design 
of most circuits 
entirely 
from 
the 


information 
presented. 
limit 
data - 
representing 
device characteristics 
boundaries 
- 
are 
given 
to facilitate 
"worst 
case" 
design. 


MTM3NSS, MTM3N60 
MTP3NSS,MTP3N60 


N-CHANNEL 
TMOS 
POWER FET 
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~ 
A --- 


MTM3N60 
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U 
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1111111 llllAX 
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1. 
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.f. 
DRAIN 


~llllMETEAS 


DIM 
Mill 
M"" 
A 
15.11 
151 


• 
1029 


C 
4DC 
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Q 
0.64 
0,19 


F 
3&\ 
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; 
HI 
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" 
2.19 
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.I 
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II: 
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l 
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• 
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.33 


Q 
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J04 


R 
2.04 


S 
1.14 
I.J! 


T 
5.U 
54. 


u 
015 
111 


114 
00015 


ELECTRICAL 
CHARACTERISTICS 
(TC; 
25°C unless otherwise 
noted) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BR)oSS 
Vdc 
(VGS; 
O. 10; 
5.0 mAl 
MTM3N55/MTP3N55 
550 
- 
MTM3N60/MTP3N60 
600 
- 
Zerc~Gate Voltage 
Drain 
Current 
lOSS 
mAde 
(VOS; 
0.B5 Rated VOSS. VGS; 
0) 
- 
0.25 
TJ;100°C 
- 
2.5 


Gate-Body 
Leakage Current 
IGSS 
- 
500 
nAdc 
(VGS; 
20 Vdc. VoS; 
0) 


Gate Threshold 
Voltage 
VGS(th) 
Vdc 
(10; 
1.0 mA. VoS; 
VGS) 
2.0 
4.5 
TJ; 
1000C 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS; 
10 V) 
VoS(onl 
Vdc 
(10; 
1.5 Adc) 
- 
3.75 
(10; 
3.0 Adc) 
- 
9.0 
(10; 
1.5 Adc. TJ; 
l00°Cl 
- 
7.5 


Static 
Drain-Source 
On-Resistance 
rOS(on) 
- 
2.5 
Ohms 
(VGS; 
10 Vdc. 10; 
1.5 Adc) 


Forward 
Transconductance 
9fs 
1.5 
- 
mhos 
(VoS ; 15 V. 10; 
1.5 A) 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


IOutput 
Capacitance 


Reverse 
Transfer 
Capacitance 


See Figure 9 


See Figure 
10 


SAFE 
OPERATING 
AREAS 


Forward 
Biased 
Safe Operating 
Area 


Switching 
Safe Operating 
Area 


Turn-On 
Delay Time 
!d(on) 
- 
50 
ns 


Rise Time 
(VoS; 
125 V. 10 ; 1.5 A. 
tr 
- 
100 
ns 


Turn-Off 
Delay Time 
Rgen; 
50 ohms) 
td(off) 
- 
180 
ns 


Fall Time 
tf 
BO 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS; 
3.0A 
VSo 
1.1 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS; 
O. di/dt; 
25 AI "s 
ton 
70 
ns 


Reverse 
Recovery 
Time 
I 
See Figures 
15 and 16 
trr 
165 
ns 


Vo,oI 
V. 


R~out 


OUT 


VGS = 10 V 
VGS = 8h 
v 


I 
I 
I 
! 
TJ = 25°C 
VGS = 7.0 V 


I 
I 
VGS = 6.0 V 


I 
I 


I 
VGS = 5.0 V 
I 
I 


VGS = 4.0 V 
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FIGURE 7 - 
ON-RESISTANCE 
versus DRAIN 
CURRENT 
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10. DRAIN CURRENT (AMPS) 
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Single 
Pulse 
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The data of Figure 9 is based on TC = 25°C; TJ(pk);S a variable 
depending 
on the power 
level. The allowable 
current 
at the 
voltages 
shown 
in Figure 9 may be calculated 
for any case 
temperature 
with the aid of the following 
equation: 


[ 
TC - 250CJ 
= IO(25°C) 
1 - 
Po R8JC 


where 
10(Tc) 
::;the maximum 
allowable 
current 
at a case tern· 


perature. 
TC. 


lo(25°C) 
:;:;-themaximum 
allowable 
current 
at a given voltage 
from 
Figure 9. 


::;the 
rated 
power 
dissipation 
at TC ::; 25°C. 


::;the rated steady state thermal 
resistance 


f-- t- 
TJ <::; 15DoC 


MTM/MTP3N5 


MTM/MTP3N60 
I 
I 
I 


in 
!:E,;;. 10 
~B 8.0 


~ 
6.0 
o 
s? 4.0 


For various 
pulse 
widths 
and duty 
cycles. 
substitute 
R6JC(1) 
determined 
from 
Figures 
11 and 12 for ROJC. 


The switching 
safe operating 
area (SOA) of Figure 
10, is the 
boundary 
that 
the load line 
may traverse 
without 
incurring 
damage 
to the MOSFET. 
The fundamental 
limits 
are the peak 
current, 
10M and the breakdown 
voltage, 
V(BR)OSS. The switch- 
ing SOA shQwn 
in Figure 
10 is applicable 
for both turn-on 
and 
turn-off 
of the devices 
for switching 
times 
less than one micro- 
second. 


Switching 
Speed 
- 
The switching 
speeds of these devices 
are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving 
the gate from a voltage source. 


Tranafer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 2.0Amps. 
(See Figure 6.) Linear ampli- 
fiers 
with 
high frequency 
response 
can be designed 
using 
thi~ 
product. 


Gate 
Voltage 
Rating 
- 
Never exceed 
the gate voltage 
rating 
of ±20 
V. Exceeding 
the 
rated 
VGS can 
result 
in permanent 


damage 
to the oxide layer in the gate region. 


Gate 
Termination 
- 
The gate of these devices 
are essentially 
capacitors. 
Circuits 
that leave the gate open-circuited 
or floating 
should 
be avoided. 
These conditions 
can result 
in turn-on 
of the 


devices 
due to voltage 
build-up 
on the 
input 
capacitor 
due to 
leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have 
an internal 
monolithic 
zener diode from 
gate to source. 
The addition 
of an 
internal 
zener 
diode 
may 
result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. 
If gate protection 
is required, 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has 
shown 
that 
these 
devices 
are more 
rugged 
than 
MOS 
ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however, 
reasonable 
precautions 
in handling 
and packaging 
MOS devices 
should 
be observed. 
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In the fabrication 
of a TMOS 
FET, a diode is formed 
across the 
source-to-drain 
terminals 
as shown 
in Figure 11. Reversal 
of the 
drain voltage will cause current 
flow in the reverse direction. 
This 


diode 
may be used 
in circuits 
requiring 
external 
fast 
recovery 


diodes, 
therefore, 
typical 
characteristics 
of the on voltage. 


forward 
turn-on 
and reverse 
recovery 
times 
are given. 


Oscilloscope 
Channel 
A 


Inverted 


,,,,, 
- 
IRIRECI = 1.0 A Max 


Soft Recovery 


R1 = 50 Ohms 
R2 = 250 
Ohms 
01 = 1N4723 
02 = 1N4001 


03 = 1N4933 
SCR 1 = MCR729- 
10 


C1 = 0.5 to 50!'F 
C2 = 4ooo!'F 
L1 = 1.0-27 
!,H 


T1 = Variac 
Adjusts 
IIPK) and di/dt 
T2 = 1:1 
T3 = 1:1 (to trigger 
circuit) 
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T2 


120 Vac 
II 
60 Hz 
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Current 
Viewing 
Resistor 
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J)esig-nt'j"s 
Data 
Sheet 


N-CHANNEL ENHANCEMENT MODE SILICON GATE 
TMOS POWER FIELD EFFECTTRANSISTOR 


These TMOS Power FETs are designed for high voltage, high 
speed power switching applications such as line operated switching 
regulators, converters, solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at l000C 


• 
Designer's Data - 
lOSS, VDS(on), SOA and VGS(th) Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 
1r 
TMDS 


MTM4N45 
MTM4N50 
Rating 
Symbol 
MTP4N45 
MTP4N50 
Unit 


Drain - 
Source Voltage 
VOSS 
450 
500 
Vdc 


Drain - 
Gate Voltage 
VOGR 
450 
500 
Vdc 
IRGS = 1.0 MOl 


Gate 
- 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
10 
4.0 
Pulsed 
10M 
10 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
Po 
75 
Watts 
Dissipation 
@ TC = 25°C 
Derate 
above 
25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 to 150 
°C 
Temperature 
Range 


Thermal 
Resistance 
R8JC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. 
for 
TL 
275 
°C 
Soldering 
Purposes, 
1IS" 


from 
case for 5 seconds 


Dnigner'. 
O.U1fa, "Worlt Ca•••• Condition. 


The Designer's 
Data Sheet permits 
the design of most circuits 
entirely 
from the 
information 
presented. 
Limit data - 
representing 
device characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" design. 


MTM4N4S, MTM4NSO 
MTP4N4S, MTP4NSO 
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ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
noted) 
I 
Characleri.tic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
vIBR)OSS 
Vdc 


(VGS = 0, 10 = 5.0 mAl 
MTM4N45/MTP4N45 
450 
- 


MTM4N50/MTP4N50 
500 
- 


Zero Gate Voltage 
Drain 
Current 
lOSS 
mAde 
(VOS = 0.B5 Rated VOSS, VGS = 0) 
- 
0.25 
TC = l000C 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
500 
nAdc 
(VGS = 20 Vdc, VOS = 01 


Gate Threshold 
Voltage 
VGS(th) 
Vdc 


(10 = 1.0 mA, VOS = VGS) 
2.0 
4.5 
TJ= 
100°C 
1.5 
4.0 


Drain-Source 
On-Voltage 
IVGS = 10 V) 
VOS(onl 
Vdc 


(10 = 2.0 Adc) 
- 
4.0 
(10 = 4.0 Adc) 
- 
9.0 
(10 = 2.0 Adc, TJ = 100°C) 
- 
B.O 


Static 
Drain-Source 
On-Resistance 
'OSlon) 
- 
20 
Ohms 
(VGS = 10 Vdc, 10 = 2.0 Adc) 


Forward 
Transconductance 
9ls 
1.5 
- 
mhos 
1VOS = 15 V, 10 = 2.0 A) 


Input Capacitance 
Ciss 
- 
1200 
pF 
(VOS = 25 V, VGS = 0, I = 1 MHzl 


Output 
Capacitance 
Coss 
- 
300 
pF 
IVos 
= 25 V, VGS = 0, I = 1 MHz) 


Reverse Transfer 
Capacitance 
Cr55 
- 
BO 
pF 
IVOS = 25 V, VGS = 0, I = 1 MHz) 


Turn-On 
Delay Time 
'dlon) 
50 
ns 
(VOS = 25 V, 10 = 2.0 A, Rgen = 50 ohms) 


Rise Time 
t, 
- 
100 
ns 
(VOS = 25 V, 10 = 2.0 A, Rgen 50 ohms) 


Turn-Off 
Delay Time 
td(off) 
- 
200 
ns 
(VOS = 25 V, 10 = 2.0 A, Rgen = 50 ohms) 


Fall Time 
tl 
- 
100 
ns 
IVOS = 25 V, 10 = 2.0 A, Rgen = 50 ohms) 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS - 4.0 A 
VSO 
1.1 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
ton 
250 
ns 


Reverse 
Recovery Time 
I 
See Figures 
17 and 18 
trr 
420 
ns 


~ r-- 8 'V 
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The data of Figure 13 is based on Tc:;: 25°C; TJ(pk) 1$ a vanable 
depending on the power level. The allowable current at the 
voltages shown 
In Figure 13 may be calculated 
for any case 
temperature wIth the aid of the following 
equation" 


lolTCI 
; lo12S0C) [1 _ TC - 2S 


0 
cJ 
Po RflJC 
where 
lolTe) 
:;:the maximum allowable current at a case tem- 


perature. Te. 


10(25°CI 
:; the maximum 
allowable 
current 
at a given voltage 
from Figure 13. 


:;:the rated power diSSipation at TC :;0 25°C. 
:;:the rated steady state thermal resistance 


0 


.01-- 
TJ';;; 150°C 


.0 
MTM/MTP4N4S- 
MTM/MTP4HSO 


.0 
I 
I 


0 
I 
100 
200 
30 
10 
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60 


For vanous pulse widths and duty cycles. substitute RHJClt) 
determined 
from Figures 
11 and 12 for ROJC. 


The switching 
safe operating 
area (SOA) of Figure 14. is the 
boundary 
that the load line may Iraverse 
without 
incurring 
damage to the MOSFET, The fundamental 
limits 
are the peak 
current. 
10M and the breakdown 
voltage. V(BRIOSS. The switch- 
ing SOA shown 
in Figure 14 is applicable 
for both lurn-on 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second. 


Switching 
Speed - 
The switching 
speeds of these deVices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving the gate from a voltage source. 


Trander 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 500 mA. (See Figure 6.) Linear ampli- 
fiers with 
high frequency 
response 
can be designed 
using this 
product. 


Gate Vohqe 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode may result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged 
than MOS ICs This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however. 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should be observed. 


In the flbrieation 
of a TMOS FET. a diode is formed across the 
louree-to-drain 
terminals 
IS shown in Figure 11. Reversal of the 
drain voltage will cause current flow in the reverse direction. 
This 


diode 
may be used in circuits 
requiring 
external 
fast recovery 
diodes. 
therefore. 
typical 
characteristics 
of the on voltage. 


forward 
turn-on 
and reverse recovery times are given. 
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L1 = 1.0-27 
~H 


T1 = Variac Adjusts 
'IPK) and di/dt 
T2 = 1:1 
T3 = 1:1 (to trigger 
circuit) 
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Viewing 
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Designer's Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage, high 
speed power switching 
applica~ions such as switching 
regulators, 


converters, solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designer's Data - 
lOSS, VDS(on), VGS(th) and SOA Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 
lr 
TMOS 


MTM5N18 
MTM5N20 
Rating 
Symbol 
MTP5N18 
MTP5N20 
Unit 


Drain - 
Source 
Voltage 
VDSS 
180 
200 
Vdc 


Drain - 
Gate Voltage 
VDGR 
180 
200 
Vdc 


(RGS = 1.0 MOl 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
ID 
5.0 
Pulsed 
IDM 
15 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
PD 
75 
Watts 
Dissipation 
@ TC = 25°C 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 
to 150 
°C 
Temperature 
Range 


Thermal 
Resistance 
ReJC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes, 
1/8" 


from case for 5 seconds 


Designer's 
Oat8 for "Worst 
Case" 
Conditions 


The Designer's 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the 
information 
presented. 
Limit data - 
representing 
device characteristics 
boundaries-are 
given to facilitate 
"worst 
case"" design. 


MTMSN18, MTMSN20 
MTPSN18,MTPSN20 


N-CHANNEl TMOS 
POWER FET 


MTM5N18 


MTM5N20 
r 
.~ 


If.~" ..~l 


~Q~F~_ 
1 


l 
~_~I 
~lR 


ST~I':l~ 
GATE 
'f-_. 
'" 
~Gj 


2 
SOURCE 


CASE DRAIN 
U 
5 


TO-204 
CASE 
1-04 
(TO-3 
TYPE) 


lO. 
ll.1 
'" 
11.1' 
lZ-1t 
•••• 
1 
'.1 
1 


.11 
1 


U ". ,." 
0.100 
0.120 


STYLe 
!i 
PIN 1. 
GATe 
2. 
DRAIN 


3 
SOURce 


4. 
DRAIN 


IlULLIMETERI 


1M 
Mill 
MAX 


" 
.11 
15.5 


• 
10.21 
C 
4.06 
4.12 


D 
0.&4 
0.11 


F 
3.&\ 
3.73 


.41 
.7 


2.71 
3.30 
0..31 
0.56 


12.70 1417 
1.14 
1.27 
....,.•.,.. 
1.14 
U,., 


1.14 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
noted) 


I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BR)DSS 
Vdc 


(VGS = D. ID = 5.0 
mAl 
MTM5N 
1B/MTP5N 
1B 
lBO 
- 


MTM5N20/MTP5N20 
200 
- 


Zero Gate Voltage 
Drain 
Current 
IDSS 
mAde 


(VDS = 0.B5 
Rated VDSS. 
VGS = 0) 
- 
0.25 
TJ= 
100°C 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
- 
500 
nAdc 


(VGS = 20 Vdc. VDS = 0) 


Gate Threshold 
Voltage 
VGS(th) 
2.0 
4.5 
Vdc 


(ID = 1.0 mA. VDS = VGS. TJ = 100°C) 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS = 10 V) 
VDS{on) 
Vdc 


(ID = 2.5 Adc) 
- 
2.5 
(ID = 5.0 Adc) 
- 
6.0 
(ID = 2.5 Adc. TJ = 100°C) 
- 
5.0 


Static 
Drain-Source 
On-Resistance 
rDS(on) 
- 
1.0 
Ohms 
IVGS = 10 Vdc. ID = 2.5 Adc) 


Forward 
Transconductance 
9fs 
1.5 
- 
mhos 


(VDS = 15 V. ID = 2.5 A) 


SAFE OPERATING 
AREAS 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse Transfer 
Capacitance 


See Figure 
10 


See Figure 
11 


Turn-On 
Delay Time 
'd(on) 
- 
20 
ns 


Rise Time 
(VDS = 25 V. ID = 2.5 A. 


' 
r 
- 
60 
ns 


Turn-Off 
Delay 
Time 
Rgen = 50 ohms) 
'dloff) 
- 
40 
ns 


Fall Time 
If 
- 
40 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward On-Voltage 
IS = 5.0 A 
VSD 
2.0 
Vdc 


Forward 
Turn-On 
Time 
VGS = 0 
'on 
200 
ns 


Reverse 
Recovery 
Time 
See Figures 
16 and 
17 


' 
rr 
300 
ns 


ht ~VGS=20V 
I 


VGS= 
10 V 
TJ - 
25°C 


VGS - 8.0 V 


h 


VGS - 
7.0 V 


f, 
1 
VGS = 6.0 V 


II- 


I 


5L 
VGS 


VGS - 4.0 V 


10 
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FIGURE 
5 - 
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The data of Figure 10 is based on Tc;; 25°C; 
TJ(pk) is a variable 
depending 
on the 
power 
level. The allowable 
current 
at the 
voltages 
shown 
in Figure 
10 
may 
be calculated 
for any case 
temperature 
with the aid of the following 
equation: 


[ 
TC' 
25°C 
] 
= ID(25°Cj 
1 - ---- 
PD ReJC 
where 


lolTe) 
:;;the maximum 
allowable 
current 
at a case tern· 


perature. 
Tc. 


IO(25°C) 
;; the maximum 
allowable 
current at a given voltage 
from 
Figure 9. 


;; the rated power 
dissipation 
at TC ;; 25°C. 


;; the rated steady state thermal 
resista nee 
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For various 
pulse widths 
and duty cycles. 
substitute 
ROJC(t) 
determined 
from 
Figures 
12 and 13 for R8JC. 


The switching 
safe operating 
area 
(SOA) 
of Figure 
11, is the 
boundary 
that 
the 
load line 
may traverse 
without 
incurring 


damage 
to the 
MOSFET. 
The fundamental 
limits 
are the 
peak 
current, 
10M and the breakdown 
voltage, 
V(BR)OSS. 
The switch· 


ing SOA 
shown 
in Figure 
11 is applicable 
for both turn-on 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second. 
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Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely fast switching 
speeds can be attained by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The tra nsfer characteristics 
are 
linear 
at drain currents 
of 1.5 A. (See Figure 6.) Linear ampli- 
fiers with 
high frequency 
response can be designed 
using this 
product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated VGS can result 
in permanent 
damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


devices due to voltage 
build-up 
on the input 
capacitor 
due to 
leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power MOSFET. If gate protection 
is required, 
an 
external zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptibi'e to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices are more rugged than MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
assoc(ated 
with 
power 
devices, 
however, 
reasonable 
precautions 
in handling 
and packaging MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET, a diode is formed 
across the 
source-to-drain 
terminals 
as shown 
in Fig ure 14. Reversal of the 
drain voltage will cause current 
flow in the reverse direction. 
This 


diode 
may be used 
in circuits 
requiring 
external 
fast 
recovery 
diodes, 
therefore, 
typical 
characteristics 
of the on voltage, 


forward 
turn·on 
and reverse 
recovery times are given. 


Oscilloscope 
Channel 
A 
Inverted 


,,,, 


- 
IR(REC) = 1.0 A Max 


Soft Recovery 


R1 = 50 Ohms 
R2 = 250 Ohms 
01 = 1N4723 
02 = 1N4001 
03 = 1N4933 
SCRl = MCR729-10 
Cl = 0.5 to 50 ~F 
C2 = 4000 
~F 
L1 = 1.0-27 
~H 


T1 = Variac Adjusts 
I(pK) and di/dt 
T2 = 1:1 
T3 = 1: 1 (to trigger 
circuit) 


~ 


T2 


120 Vac 
II 
60 Hz 


1:1 


Current 
Viewing 
Resistor 
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Designer's Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage, 
high 
speed power switching applications such as line operated switching 
regulators, converters, solenoid and relay drivers. 


• 
Silicon 
Gate for 
Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designer's Data -lOSS, 
VDS(on), SOA and VGS(th) Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation 
Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 


Inductive Loads 
1r 
TMOS 


MTM5N35 
MTM5N40 
Rating 
Symbol 
MTP5N35 
MTP5N40 
Unit 


Drain - 
Source 
Voltage 
VOSS 
350 
400 
Vdc 


Drain - 
Gate Voltage 
VOGR 
350 
400 
Vdc 
(RGS= 1.0 mO) 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain 
Current 
Adc 
Continuous 
10 
5.0 
Pulsed 
10M 
12 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total 
Power 
Po 
75 
Walls 
Dissipation@ TC= 25°C 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 to t50 
°C 
Temperature 
Range 


Thermal 
Resistance 
ReJC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering Purposes,1/8" 
from 
case for 5 seconds 


Designer', 
Data for "Worst Case" Conditions 


The Designer"s 
Data Sheet permits 
the design 
of most circuits 
entirely 
from 
the 
information 
presented. 
Limitdata 
- 
representing 
device characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" design. 


MTMSN3S, MTMSN40 
MTPSN3S,MTPSN40 


N-CHANNEL TMOS 
POWER FET 


STYLE 
3 


PIN 1 
GATE 


2 
SOURCE 
CASE DRAiN 


MIlliMETERS 


DIM 
MIN 
MAK 


A 
39.31 


8 
21.GB 


C 
6.35 
1.62 


D 
0.91 
1.119 


E 
1.1 


F 
30.158SC 


Ii 
10.928SI: 


H 
5.468SI: 


J 
16.898SC 


I( 
11.18 
12.19 


Q 
3.81 
4.19 


R 
26.61 


U 
4.13 
5.33 


V 
3.81 
4.19 


MTP5N35 
MTP5N40 
o 


STYLES 
PIN 1 
GATE 
2 
DRAIN 


3. 
SOURCE 


4 
DRAIN 


INCHES 


"M 
MI. 
M•• 
A 
11.595 
0.620 
• 
...• 
C 
0.160 
0.190 
• 
11.025 
11.1135 
f 
0.142 
11.141 
G 
D.'" 
11.105 
H 
2.19 
'.30 
11.110 
11.130 
J 
D.36 
D.56 
11.1114 
11.1122 


K 
12.10 
14.21 
D.••• 
0.562 


L 
1.14 
1.21 
11.045 
D.llSO 
• •.., 
5.33 
11.190 
0.2111 
• 
2." 
'04 
II.HIO 
0.12tl 


K 
2.04 
2.19 
D.O•• 
0.110 
S 
1.14 
1.39 
0.045 
0.055 


T 
5.91 
'.48 
0.235 
0.25 


U 
0.16 
1.21 
D.03O 
11.050 
1.14 
0.045 


ELECTRICAL 
CHARACTERISTICS 
(Tc = 25°C 
unless 
Olherwise 
noled) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Orain·Source 
Breakdown 
Voltage 
V(BR)OSS 
Vdc 
(VGS = O. 10 = 5.0 mAl 
MTM5N35/MTP5N35 
350 
- 


MTM5N40/MTP5N40 
400 
- 


Zero Gate Voltage 
Drain 
Current 
loSS 
mAdc 
IVoS 
= 0.B5 
Raled 
VOSS. 
VGS = 0) 
- 
0.25 
TJ = 100°C 
- 
2.5 


Gale-Body 
Leakage 
Currenl 
IGSS 
- 
500 
nAdc 


(VGS = 20 Vdc. VOS = 0) 


Gale 
Threshold 
Vollage 
VGS(lh) 
Vdc 
(10 = 1.0 mA. VOS = VGS) 
2.0 
4.5 
TJ= 
100°C 
1.5 
4.0 


Drain-Source 
On-Vollage 
(VGS - 10 V) 
VOS(on) 
Vdc 
(10= 
2.5 Adc) 
- 
3.75 
(10 = 5.0 Adc) 
- 
B.O 
(10 = 2.5 Adc. TJ = 100°C) 
- 
6.0 


Static 
Drain-Source 
On-Resistance 
rOSlon) 
- 
1.5 
Ohms 
(VGS = 10 Vdc. 10 = 2.5 Adc) 


Forward 
Transconductance 
gls 
2.0 
- 
mhos 
(VOS = 15 V. 10 = 2.5 A) 


Input Capacitance 
Ciss 
- 
1200 
pF 
(VOS = 25 V. VGS = O. 1= 1 MHz) 


Output 
Capacitance 
Coss 
- 
300 
pF 
(VOS = 25 V. VGS = O. I = 1 MHz) 


Reverse 
Transfer 
Capacitance 
Crss 
- 
BO 
pF 
(VOS = 25 V. VGS = O. I = 1 MHz) 


Turn-On 
Delay Time 
'dlon) 
- 
50 
ns 
(VOS = 25 V. 10 = 2.5 A. Raen = 50 ohms) 


Rise Time 
'r 
- 
100 
ns 
(VOS = 25 V. 10 = 2.5 A. Raen 50 ohms) 


Turn-Off 
Delay 
Time 
'dloff) 
- 
200 
ns 
(VOS = 25 V. 10 = 2.5 A. Raen = 50 ohms) 


Fall Time 
II 
- 
100 
ns 
(VOS = 25 V. 10 = 2.5 A. Raen = 50 ohms) 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS= 
5.0A 
VSO 
1.1 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
'on 
250 
ns 


Reverse 
Recovery 
Time 
I 
See Figures 
17 arid 
1B 
Irr 
420 
ns 


VD~ ~ 
V. 


R~out 


OUT 


t. 
VGS= 10 V~lts 
I 
I 
TJ=25°C 
_ 
- 
VGS= 7.0 Volts 
I 
I 
VGS= 6.0 Volts 


VGS 
5.0 Volts 


II 
VGS- 4.0 Volts 


en 8.0 
~ 
5- 
;SO 


z 4.0: 
<:> 
!? 20 


3.6 
~ 3.4 
~ 3.2 
~~ 3.0 
c> 
28 
<:>! 
2.6 


i!: 
2.4 
~ 2.2 
< 
<.0t 20 
"' 
1.8 
~ 


. VOS; VGS 
- 
10 ; 1.0 mAde 


'-........ 
- 


.••.•....•.. 


........ 


.••.•....•.. 


r----........ 


•...•.•........ 


.••.•....•.. 


-iGS;10V 


10~1~ 
-- 
- 
e-I 


10; 5 A 


....- 
10 ; 2.5 A - 
..- 
L.:--r- 
- 
- 


I 


"' 
~ 
50 
~ 


<.0 


~ 
20 
§! 


~ 
10 
~ 
'-''"~ 
5.0 
Z: 
<:> 
2.0 
~ 
~1.0 
> 
-60 


FIGURE 
4 - 
ON-REGION 
CHARACTERISITCS 


10 


8.0 
~ 
:=;5- 


6.0 
~i4.0 
z 
~ 
!? 2.0 


0 
16 
20 
0 
4.0 
80 
12 
VOS.ORAIN-TO·SOURCEVOLTAGE(VOLTS) 


FIGURE 
6 - 
TRANSFER 
CHARACTERISTICS 


I 
/f 
II 
1// 
_ 
VOS; 30 V 
rt 
II 
If 


TJ; 
25°C 


..J, 
III 


TJ; 
125°C 
V/1- 
TJ ; -55°C 
- 
I 
A V 
I 
I 


"'~ 
~ 
6.0i 
B 4.0 
z 
~ 
!? 2.0 


I 
I 
TJ; 
25°C 
- r-- 


VGS; 0 
- r-- 
f; 1.0 MHz 


.\ 
..•.... 
tiss 


\ 
.\\ "- 
eoss 


Crs~ 


~1100 
z;'! 
13 
:: 
800 
5 


~ 
28 
:>:e. 


~ 
2.4 
z~ 
~ 
2.0 


~ 
1.6 


I 
I 
I 
I 
I 
I 


-VGS=10V 
I 
I 
I 
I 
I 
I 
/' 


;J=10? 
"" 


I 
I 
I 
I 
I 


TJ= 25:- 
......• 


I 
I 
I 


TJ = -55°C - 
I 
I 
I 
I 
I 
I 


'-' 
~ 
1.2 
o 
'"g 0.8 
Z 


~ 04 
g 


'" 
0 
e 
0 
20 
40 
80 
80 
10. ORAINCURRENTlAMPS) 


20 
u;~ 
0 
16 
~~~ 
0 
12 
> 


1 
1 
TT 
J 
1 I 


J=~A 
f- TJ = 25°C 


I 
-=; 
\ 
8A 
I 


5AT 


13 A 


1 A 


'-''"=> 
~ 
8.0 
ez 


~ 
4.0 


'"~ 


~ 
0.5 
wz 
>< 
i= 
~ 
0.3 
~~ 
tt: ~ 
0.2 
w~ 
c< 
~ 
~ 
0.1 
:Ow 
"'" 
,,0- 
a:: ••.• 0.05 
cz 
Zw 
:g ~ 
0.03 
e: 0.02 


0'05 


U 
- 
~ 
.- 
•... 
II 


0.1 
->- 
~ 
P1pkl 


0.05 -'- 
In.n 


ROJClll ' rill ROJC 


~= 
ROJC ' I 6 7°C/W M•• 


0.02 
= 


o curves apply tor power 
- 
t~-I 


Pulse tralO shown 
- 
- 
- 


1] _ 
Read 
tIme al tl 
--- ....- 
Slrrf11r 


- 
DUTYCYClE.0; 
11/1] 
TJlpkl - 
TC' P,pki RoJC'" 
--- 
I 
I 
I11111 
I 
11I111 
I 


'-'z 
~ 
~ 
0.3 


.....C 
0.2 
"'~ 
:IE'" 


~ 
~ 
0.1 
... ", 
~i 
0.07 
~ 
- 
0.05 
z 


~ 
0.03 


_ 
0.02 


0 
0.5 


0.2 
l-- 


- 
.... 
.::::; 
0.1 
r;;;; 
P,pkltJlSl 


R9JCIII = rlt) R9JC 


=0.05 
R9JC = 1.67°C/W Max 


o curves apply for power 
-0.02 
V' 
12~~ 


Pulse train shown 


U-I- 
Read time at t1 


~0.01 
DUTYCYCLE.0 = 11/12 
TJlpk)- 
TC= Plpk) R9JCII) 
~ 
S~G\E r~l~~ 
I [I 
I 
[[T 
T 
T 
1 


2.0 
5.0 
I, 'TIME1m,) 


5 
--I- 


0 - -".- -- - 
- - 
10 "s 
0.1 ms 


0 


0 
1.0 ms 
•..•.•.. 


10 ms 


c 
"' 
0 
- 
rOS(on) limij 
-- 
--- 
Package Limit 


.5 
Thermal limit 


3 TC = 25°C 
_MTM/MTP5N35 


VGS = 20 V. Single Pulse 
MTM/MTP5N40 
I 
30 
50 
100 
300 
500 


VOS. ORAIN·TO-SOURCE VOLTAGE IVOLTS) 


The data of Figure 
13 is based on Tc;: 25°C; 
TJ(pkl 
is a variable 
depending 
on the power 
level. The allowable 
current 
at the 
voltages shown 
in Figure 13 may be calculated 
for any caSp. 
temperature 
with the aid of the following 
equation: 


lolTC) 
= loI25°C) 
[, 
- TpC 
O 
-:8~o~J 


where 


10(TC) 
;: the maximum 
allowable 
current 
at a case tem- 
perature, Tc. 


IO(25°Cl 
;: the maximum 
allowable 
current 
at a given voltage 
from Figure 
13. 


;: the rated power 
dissipation 
at TC ;: 25°C. 


;: the rated steady state thermal 
resistance 


I--- 
- 
TJ ';;150oC 


MTM/MTP5N35 


MTM/MTP5N40 


I 


~! 10 


~ 
8.0 
~ 
::> 
~ 
6.0 
~ 
c 40 
p' 


100 
200 
300 
400 


VOS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


For various pulse widths 
and duty cycles. substitute 
ROJC(t) 


"determined 
from Figures 
11 and 12 for ROJC. 


The switching 
safe operating 
area (SOAl of Figure 14, is the 
boundary 
that 
t he load Ii ne may traverse 
wit hout incu rring 
damage 
to the MOSFET. The fundamental 
limits 
are the peak 
current, 
10M and the breakdown 
voltage, V(BR)DSS. The switch- 
ing SOA shown 
in Figure 14 is applicable 
for both turn-on 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second 


Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 500 mA. (See Figure 6.) Linear ampli- 
fiers with 
high frequency 
response can be designed 
using this 
product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode may result 
in detrimental 
effects 
on the 
reliability 
of a power MOSFET. If gate protection 
is required, 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
fr.om electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices are more rugged than 
MOS ICs. This is primarily 
due 
to the comparatively 
larger 
capacitances 
associated 
with 
power 
devices, 
however. 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET. a diode is formed 
across the 


source·to-drain 
terminals 
as shown 
in Figure 11. Reversal 
of the 


drain voltage will cause current flow in the reverse direction. 
This 


diode 
may be used 
in circuits 
requiring 
external 
fast 
recovery 


diodes. 
therefore. 
typical 
characteristics 
of the on voltage. 


forward 
turn-on 
and reverse 
recovery 
times are given. 


Oscilloscope 
Channel 
A 


Inverted 


,,,,, 
- 
IA(AEC) = 1.0 A Max 


Soft Recoverv 


T1 


~ 


T2 


120 Vac 
II 


60 Hz 


1:1 


Al = 50 Ohms 
A2 = 250 Ohms 
Dl = 1N4723 
D2 = 1N4001 
D3 = lN4933 
SCA1 = MCA729-10 
Cl =05to50~F 
C2 = 4000 
~F 
Ll = 1.0-27 
~H 


T1 = Variac 
Adjusts 
IIPK) and di/dt 
T2 = 1:1 
T3 = 1: 1 (to trigger 
circuit) 


Current 
Viewing 
Resistor 
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Designer's 
Data Sheet 


N-CHANNEL ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage, high 


speed power switching applications such as line operated switching 
regulators, converters, solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designer's 
Data - 
IDSS, VDS(on) 
and SOA Specified 
at 
, 


Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement. VG(th) = 4.5 Volts (max) 
,r 
TMOS 


Rating 
Symbol 
MTM6N55 
MTM6N60 
Unit 


Drain - 
Source Voltage 
VDSS 
550 
600 
Vdc 


Drain - 
Gate Voltage 
VDGR 
55D 
600 
Vdc 
IRGS= 1.DmOl 


Gate - 
Source Voltage 
VGS 
±2D 
Vdc 


Drain 
Current 
Adc 
Continuous 
ID 
6.D 
Pulsed 
IDM 
3D 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
PD 
15D 
Watts 
Dissipation 
@ TC = 25°,C 
Derate 
above 25°C 
1.2 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 to 150 
°C 
Temperature 
Range 


Thermal 
Resistance 
RBJC 
0.83 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes. 
1IS" 


from case for 5 seconds 


Designe,'s 
Data for "Worst 
C•• e" Condition. 


The Designer's 
Data Sheet permits the design of most circuits 
entire1vfrom 
the information 
presented. 
Limit curves-representing 
boundaries 
on device 
characteristics-are 
given to facilitate 
"worst 
case" design. 


MTM6N55 
MTM6N60 


N-CHANNEl 
TMOS 
POWER 
FET 


STYlE) 
""1 
'''TE 


1 
SOUIIICE 


C"5EOIII"I" 


I 
" , 
"'5e 
lln,e 


1.1 
1 
I 
I 
••.. 
41) 
5)] 
Ul 
41t 


". 
.4 
se 
oms 
UII 


I 


I 


Olto 
CIllO 
OUO 
OIlS 


ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C unless 
otherwise 
noted) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain· Source 
Breakdown 
Voltage 
VIBR)DSS 
Vde 


IVGS = O. ID = 5.0 mAl 
MTM6N55 
550 
- 


MTM6N60 
600 
- 


Zero Gate Voltage 
Drain Current 
IDSS 
mAde 


IVDS = 0.85 
8VDSS. 
VGS = 0) 
- 
0.25 
TJ= 
'OO°C 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
- 
500 
nAde 


(VGS = 20 Vde. VDS = 0) 


Gate Threshold 
Voltage 
VGS(th) 
Vdc 


liD = 1.0 mA. VDS = VGS) 
2.0 
4.5 
TJ = 100°C 
1.5 
4.0 


Drain-Source 
On-Voltage 
IVGS = 10 V) 
VDS(on) 
Vdc 


(lD = 3.0 Adc) 
- 
4.5 
(ID = 6.0 Ade) 
- 
'0 
(ID = 3.0 Ade. TJ = 100°C) 
- 
9.0 


Static Drain-Source 
On-Resistance 
'DSlon) 
- 
1.5 
Ohms 


(VGS = '0 
Vde. ID = 3.0 Adc) 


Forward 
Transconductance 
9fs 
2.0 
- 
mhos 


(VDS = '5 
V. ID = 3.0 A) 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output Capacitance 


Reverse Transfer 
Capacitance 


See Figure 9 


See Figure 
10 


Forward 
Biased Safe Operating Area 


Switching 
Safe Operating Area 


Turn-On 
Delay Time 
'd(on) 
- 
60 
ns 


Rise Time 
(VDS = '25 
V. 1D= 3.0 A. 
Ir 
- 
'50 
ns 


Turn-Off 
Delay Time 
Rgen = 50 ohms) 
'd(off) 
- 
200 
ns 


Fall Time 
tf 
'20 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward On-Voltage 
I 
IS - 6.0 A 
VSD 
1.0 
Vde 


Forward 
Turn-On 
Time- 
I 
VGS = O. di/dt 
= 25 A/~s 
ton 
175 
ns 


Reverse 
Recovery Time 
I 
See Figures 
14 and 15 
trr 
600 
ns 


VD~ 
~ 
v 


R~ou, 


DUT 


10 


f 
8.0 
~ 
5-i 


60 


z 
4.0 
~ 
E 
2.0 


(tf- VGS = 10 Volt. 
VG~ = 60 IVoll• I 


f-+- VGS = 7.0 Volts 
I 
I 
I 


TJ = 25°C 
I 
.I 


VGS = 5.0 Volts 


VGS - 4.0 Volt. 


50 
100 
150 
200 


VOS. ORAIN·TO·SOURCE VOLTAGEIVOlTSI 
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The data of Figure 
9 is based on TC = 25°C; 
TJ(pk) is a variable 
depending on the power level. The allowable 
current 
at the 
Yoltages 
shown 
in Figure 
9 may 
be calculated 
for 
any 
case 
temperature 
with 
the aid of the following 
equation: 


[ 
Te - 25 


0eJ 
= IOI25°C) 
1 - --- 
Po R8JC 
where 
IO(TC) 
:; the maximum 
allowable 
current 
at a case tern· 


perature, 
Te. 
IO(25°i:) 
:; the maximum 
allowable 
current at a given voltage 
from 
Figure 9. 


:; the rated power dissipation 
at Tc:; 25°C. 


:; the rated steady state thermal 
resistance 
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For various 
pulse widths 
and duty cycles. 
substitute 
ROJC(t) 
determined 
from Figure 11 for R6JC. 


The switching 
safe operating 
area (SOA) of Figure 
10. is the 
boundary 
that 
the load line 
may traverse 
without 
incurring 
damage 
to the 
MOSFET. The fundamental 
limits 
are the peak 
current, 
10M and the breakdown 
voltage, V(BA)OSS' The switch- 
ing SOA shown 
in Figure 
10 is applicable 
for both turn-on 
and 
turn-off 
of the devices for switching 
times 
less than one micro- 
second. 
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In the fabrication 
of a TMOS 
FET, a diode is formed across the 
source-to-drain 
terminals 
as shown 
in Figure 11. Reversal of the 
drain voltage will cause current flow in the reverse direction. 
This 


diode 
may be used in circuits 
requiring 
external 
fast recovery 
diodes. 
therefore, 
typical 
characteristics 
of the on voltage. 


forward 
turn-on 
and reverse 
recovery times are given. 


Oscilloscope 
Channel 
A 
Inverted 


, 
I,, 


'- 
IR(RECI; 
1.0 A Max 


Soft Recovery 


R1 ; 50 Ohms 
R2; 
250 Ohms 
01; 
1N4723 
Q2; 
lN4001 
03; 
1N4933 
SCR1 ; MCR729-10 
C1; 0.5to 50"F 
C2; 4000 "F 
L1 ; 1.0-27 
"H 


T1 ; Variac Adjusts 
IIPK) and di/dt 
T2; 1:1 


T3 :; 1: 1 (to trigger 
circuit) 


Current 
Viewing 
Resistor 


Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving the gate from a voltage source. 


Tranefer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 500 mA. (See Figure 6.) linear 
ampli- 
fiers with 
high frequency 
response 
can be designed 
using this 
product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated 
VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged 
than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however. 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should be observed. 
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Desig-nel"s 
Data 
Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage, high 
speed power switching applications such as line operated switching 
regulalors, converters, solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designer's 
Data - 
lOSS, VDS(on) 
and SOA Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement. VG(th) = 4.5 Volts (max) 
1r 
TMDS 


Rating 
Symbol 
MTM7N46 
MTM7N60 
Unit 


Drain - 
Source Voltage 
VOSS 
450 
500 
Vdc 


Drain - 
Gate Voltage 
YOGA 
450 
500 
Vdc 
(AGS = 1.0 mOl 


Gate - 
Source Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
10 
7.0 
Pulsed 
10M 
35 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
Po 
150 
Watts 
Dissipation 
@ TC ;; 25°C 
Derate above 25°C 
1.2 
W/oC 


Operating 
and Storage 
TJ' TsIg 
-6510150 
°C 
Temperature 
Range 


Thermal 
Resistance 
A8JC 
0.83 
°C/W 
Junction 
10 Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes. 
1IS" 


from case for 5 seconds 


Designe,". Data for "Worst C••••• Conditions 


The Designer's 
Data Sheet permits the design of most circuits 
entirely 
from the 
information 
presented. Limitdata 
- 
representing 
device characteristics 
boundaries- 
are 
given to facilitate 
"worst 
case" design. 


MTM7N4S 
MTM7NSO 


N-CHANNEL TMOS 
POWER FET 


'OS(on) 
= '.2 OHM 


460 
and 600 
VOLTS 


STYLE 
3 
PIN I. 


2. 
SOURCE 
CASE DRAIN 
NOTES, 


1.0aMENSlONSQAIiIDVAREOATUMS. 
2. m 
ISSEATlN'I'UUIEAlIODATU•. 


3. POSITIONALTOLERAJICE FOR 
IIOUIlfTINGHOLE Q; 


1+liI310.G05leITlvel 


FOR LEADS; 
I +liI3(D.lIJ5leT 
I vel 
Del 


4. DIMENSIONSAlID TOlERAJlCES PER 
ANSI Y14.5, 1973. 


MlLL_nRS 
•• CIIES 
IN.- 


IIAll - 


IIAll 
A 
- 
39.11 
- 
1.560 
• 
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1.35 
1$1 
IU50 
0 
D.91 
I. 
U3I 
IJIl3 
E 
lAD 
1. 
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R 
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5.11 
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I 
U 
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1.1. 
Llll 


V 
3.11 
t.11 
1.151 
1.115 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
notedi 


Characteriltic 
I 
Symbol 


OFF CHARACTERISTICS 


Orain·50urce 
Breakdown 
Voltage 
V(BAIOSS 
Vdc 
(VGS = O. 10 = 5.0 mAl 
MTM7N45 
450 
- 
MTM7N50 
500 
- 


Zero Gate Voltage 
Drain 
Current 
lOSS 
mAde 
(VOS = 0.85 
Rated VOSS. VGS = 0) 
- 
0.25 
TJ= 
l000C 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
- 
500 
nAde 


(VGS = 20 Vdc. VOS = 01 


Gate Threshold 
Voltage 
VGS(thi 
Vdc 
(10 = 1.0 mA. VOS = VGSI 
2.0 
4.5 
TJ = l000C 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS = 10 V) 
VOS(on) 
Vdc 


(10 = 3.5 Ade) 
- 
4.2 
(10= 7.0 Adcl 
- 
10 
(10 = 3.5 Adc. TJ = 100°C) 
- 
8.4 


Static 
Drain-Source 
On-Resistance 
rOS/on) 
- 
1.2 
Ohms 
(VGS = 10 Vde. 10 = 3.5 AI 


Forward 
Transconductance 
gls 
2.0 
- 
mhos 
(VOS = 15 V. 10 = 3.5 AI 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


See Figure 
9 


See Figure 
10 


SAFE 
OPERATING 
AREAS 


Forward 
Biased 
Safe Operating 
Area 


Switching 
Safe Operating 
Area 


Turn-On 
Delay Time 
td(on) 
- 
60 
ns 


Rise Time 
(VOS = 125 V, 10 = 3.5 A. 
tr 
- 
150 
ns 


Turn-Off 
Delay Time 
Agen = 50 ohms) 
td(off) 
- 
250 
ns 


Fall Time 
tl 
120 
ns 


Characteri.tic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS - 7.0 A 
VSO 
1.1 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = O. dildt 
= 25 A/ "s 
ton 
175 
ns 


Reverse 
Recovery 
Ti me 
I 
See Figures 
14 and 15 
trr 
600 
ns 


g.. -VGS-l0V 
I 
I 
I- -VGS 
- 7.0 V 
f 
TJ: 
25°C 


VGS: 
6.0 V 


I 
I 


VGS: 
5.0 V 
I 
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VGS: 
4.0 V 
I 
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Z 
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0.8 
ez 
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0.4 
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I 
I 
I 
I 
"..... 
'-- 
VGS: 
10V 
f.....-l"" 
~ 7T _'. 


~ 
TJ ~ 100,OC 
./ 
I I 
/' 
I I~ 
-r--I 


TJ ~ 25°C 
I 
I 
---- 


TJ 
-S5°C 
" 
I 
-1 I 
~ 
c 
.:: 0 
eo 
0 


I 
VGS 
10 V 
./ - 


VGS: 
7.0 V 


TJ: 
25°C 
~ "/ 
I 
~ 
I 
If V 
VGS: 
6.0 V = 


~ "/ 
I 
, 
I 
/.--- 
VGS - 5.0 V 
~ 
1 
/ 
1 
r 
VGS : 4.0 V 


f::0 
~ 
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~B 
40 
z~ 
c 
P 20 


4.0 
80 
12 
16 
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-55°C} 
100°C 


VOS: 
20 V 
(j 
'/ 
!J 
II 
11 
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/11 _25°C 
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100°C---, 
'1h 
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VGS. GATE TO SOURCE VOLTAGE (VOLTS) 


\ 
T/:250~C 
VGS: 
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f: 1.0 MHz 
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\. 
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~ 
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~ 
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;'\ 


~ 10 - 
:;;~ 
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Bz 
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~ 
0 
.f? 


0.1 
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100 ~s 


rOSlonllimit 


Package 
Limit 
Thermal limit 
MT~7~45 
VGS= 20 V, Singl. Pulse 
MTM7N50 


10 
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VOS,ORAIN-TO-SOURCEVOLTAGE(VOlTSI 


40 


35 
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'""-:;; 25 
~ 
•.... 
~ 
20 


B 15 
z 
~ 10 


'" 
- 
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MTM7N45 f- 


TJ';; 
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The data 
of Figure 
9 is based 
on TC = 25°C; 
TJlpkl 
is a variable 
depending on the power level. The allowable 
current 
at the 
voltages 
shown 
in Figure 9 may be calculated 
for any case 


temperature 
with the aid of the following 
equation: 


[ 
TC - 25 


0CJ 
= IO(25°C) 
1 - ---- 
Po R8JC 


lo(T c) 
= the 
maximum 
allowable 
current 
at a case tern· 


perature, 
T C. 


lof25°C) 
= the maximum 
allowable 
current at a given voltage 
from 
Figure 9. 


= the rated power 
dissipation 
at Tc;; 25°C. 


= the rated steady state thermal 
resistance 


For various 
pulse 
widths 
and duty cycles, 
substitute 
ROJC(t) 


determined 
from 
Figure 
11 for ROJC' 


The switching 
safe operating 
area 
(SOA) 
of Figure 
10. is the 
boundary 
that 
the 
load line 
may traverse 
without 
incurring 
damage 
to the 
MOSFET. 
The fundamental 
limits 
are 
the peak 


current, 
10M and the breakdown 
voltag!3. V(BR)OSS. 
The switch· 
ing SOA shown 
in Figure 
10 is applicable 
for both turn-on 
and 
turn·off 
of the devices 
for switching 
times 
less than one micro- 


second. 
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Switching 
Speed - 
The switching 
speeds of these devices-are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 500 mA. (See Figure 6.) Linear ampli- 
fiers with 
high frequency 
response can be designed 
using this 
product. 


Gate 
Voltage 
Rating 
- 
Never 
exceed 
the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated 
VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or flosting 
should be avoided. These conditions 
csn result in turn-on 
of the 


devices 
due to voltage 
build-up 
on the input 
capacitor 
due to 
leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged than 
MOS ICs. This is primarily 
due 
to the comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however. 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET. a diode is formed 
across the 
source-to-drain 
terminals 
as shown in Figure 12. Reversal of the 
drain voltage will cause current flow in the reverse direction. 
This 


FIGURE 
12 - 
TMOS 
FET WITH 
SOURCE-TO-DRAIN 
DIODE 


D 


diode may be used in circuits 
requiring 
external 
fast recovery 
diodes. 
therefore. 
typical 
characteristics 
of the on voltage. 
forward 
turn-on 
and reverse recovery times are-given. 


Oscilloscope 
Channel 
A 
Inverted 


I 
I,, 


'- 
IR(REC) = 1.0 A Max 


Soft Recovery 


T1 
J:) 


T2 


120Vac 
II 
60 Hz 


1:1 


L1 


di/dt 
Adjust 


Current 
Viewing 
Resistor 


Rl = 50 Ohms 
R2 = 250 Ohms 
01 = lN4723 
02 = lN4001 
03 = 1N4933 
SCRI = MCR729-10 
Cl = 0.5 to 50 "F 
C2 = 4000 
"F 
Ll=1.D-27"H 
T1 = Variac Adjusts 
I(PK) and di/dt 
T2 = 1:1 
T3 = 1:1 (to trigger 
circuit) 
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MTP8N12, MTP8N15 


Designer's 
Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage. high 
speed power switching applications such as switching regulators. 
converters. solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at l00"C 


• 
Designers 
Data - 
IDSS. VDS(on) and SOA Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement. VG(th) = 4.5 Volts (max) 


N-CHANNEL 
TMOS 
POWER 
FET 


,r 
TMOa 


MTM8N12 
MTM8N15 
Rating 
Symbol 
MTP8N12 
MTP8N15 
Unit 


Drain - 
Source Voltage 
VOSS 
120 
150 
\Ide 


Drain - 
Gate Voltage 
VOGR 
120 
150 
Vdc 


IRGS = 1 megOl 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 


Continuous 
10 
8.0 
Pulsed 
10M 
20 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total 
Power 
Po 
75 
Watts 


Dissipation 
@ TC = 25°C 
Derate above 25°C 
0.6 
W/·C 


Operating 
and Storage 
TJ' T51g 
-65 to 150 
·C 
Temperature 
Range 


Thermal 
Resistance 
R9JC 
1.67 
·C/W 
Junction 
to Case 


Maximum 
lead Temp. for 
TL 
275 
·C 
Soldering 
Purposes. 
1IS'" 


from case for 5 seconds 


Designer's 
Data for "Worst 
Case" Conditions 


The Designer's 
Data Sheet 
permits 
the design 
of most circuits 
entirely 
from 
the 
information 
presented. Limit data - 
representing 
device characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" design. 


STYLE 
3 


PIN I. 
G"'TE 


2 
SOURCE 


CASEOUIN 


STYLE 
S. 


PIN 
l. 
G •••TE 


2.0R 
••••N 


3. 
SOURCE 
4.0R 
•••IN 


lEA. 
C 


L 
-t 
to 
• 


u 
• 


._CMU 


M,. 
MAX 
,. , 


0.110 
0.190 
O.o2S 
D.OJS 
0.142 
0.141 
,. 
D.10!1 


V. , 
0.110 
0.130 
,... ,... 
0.014 
0.022 
12.10 
14.27 
'.!OIl 
0.!lCi2 
U4 
III ,.., ,... 
..•. 
.., 
'.1 
0.210 
,.•. ,.. ".• 
0.120 
,.. 
V. ,.... 
0.110 


1.14 
I. ,.. ,. 
,.. ... ,n ,.... 
D.71 
I , '''' ,... 
'"~ 
D.MS- ,.... 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25·C 
unless 
otherwise 
noted) 
I 
Characteri.tic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BR)OSS 
Vdc 


(VGS = 0, 10 = 5.0 mAl 
MTM8N 121MTP8N 
12 
120 
- 
MTM8N 15/MTPBN 
15 
150 
- 


Zero Gate Voltage 
Drain Current 
lOSS 
mAde 


(VOS = 0.85 
Rated VOSS, VGS = 0) 
- 
0.25 
TJ = l000C 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
- 
500 
nAde 


(VGS = 20 Vde, VOS = 0) 


Gate Threshold 
Voltage 
VGS(th) 
Vdc 
(10 = 1.0 mA, VOS = VGS) 
2.0 
4.5 
TJ= 
l000C 
1.5 
4.0 


Orain-Source 
On-Voltage 
(VGS = 10 V) 
VOS(on) 
Vdc 
(10 = 4.0 Adc) 
- 
2.0 
(10 = 8.0 Ade) 
- 
4.5 
(10=4.0Ade, 
TJ= 
1000C) 
- 
3.2 


Static 
Drain-Source 
On· Resistance 
rOSlon) 
- 
0.5 
Ohms 
(VGS = 10 Vde. 10 = 4.0 Ade) 


Forward 
Transconductance 
gfs 
2.0 
- 
mhos 
(VOS = 15 V, 10= 4.0 A) 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


SWITCHING 
CHARACTERISTICS' 
(TJ = l00·C) 


See Figure 9 


See Figure 
10 


SAFE 
OPERATING 
AREAS 


forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


Turn-On 
Delay Time 
!d(on) 
- 
50 
ns 


Rise Time 
(VOS = 25 V. 10 = 4.0 A, 
tr 
- 
150 
ns 


Turn-Off 
Delay Time 
Rgen = 50 ohms) 
td(off) 
- 
100 
ns 


Fall Time 
tf 
- 
50 
ns 


Che,ecteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS = 8.0 A 
VSO 
1.7 
Vde 


Forward 
Turn-On 
Time 
I 
VGS = O. di/dt 
= 25 AI ~s 
ton 
80 
ns 


Reverse 
Recovery Time 
I 
See Figures 
15 and 16 
trr 
700 
ns 


12 


10 
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5- 
>- 
~ 
6.0 
az 
4.0 
~ 
0 
E 
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VGS 
10 V 
I 
I 
I 
V 
VGS 
9.0 V 


I 
I 
I 


VGS - 8.0 V 
I 
I 
I 
I 
I 
I 
TJ - 25°C 


VGS - 7.0 V 
I 
I 
I 


V~S -16.0 Vi 


VGS = 5.0 V 


10 
20 
30 
40 
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VOS. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 


FIGURE 
5 - 
GATE-THRESHOLD 
VOLTAGE 
VARIATION 
WITH TEMPERATURE 
(NORMALIZED) 
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The data of Figure 
9 is based on TC = 25°C; 
TJ(pkl 
is a variable 
depending 
on the power 
level. The allowable 
current 
at the 
voltages 
shown 
in Figure 9 may be calculated 
for any case 
temperature 
with the aid of the following 
equation: 
I, Te' 250el 
= IO(25°C) L - Po R9JCJ 


where 
lone) 
= the maximum allowable current at a case tern· 


perature. Tc. 
IO(25°C) = the maximum 
allowable 
current at a given voltage 


from Figure 9. 
= the 
rated 
power 
dissipation 
at TC = 25°C. 
= the rated steady state thermal 
resistance 
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For-various 
pulse widths 
and duty cycles. substitute 
~6JC(n 
determined 
from Figures 11 and 12 for R8JC. 


The switching 
safe operating 
area (SOAI of Figure 
10, is the 
boundary 
that 
the load line 
may traverse 
without 
incurri 
ng 
damage 
to the MOSFET. The fundamental 
limits 
are the peak 
current, 
10M and the breakdown 
voltage, V(BRIOSS. The switch- 
ing SOA shown 
in Figure 10 is applicable 
for both turn-on 
and 
turn-off 
of the devices for switching 
times less than one micro- 


"I 
second. 
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Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the -driving impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving the gate from a voltage source. 


Transfer 
Char.cteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 3.0 Amps. (See Figure 6.) unear ampli- 
fiers 
with 
high frequency 
response 
can be designed 
using 
this 
product. 


Gllte 
Voftage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceedflg 
the rated 
VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gllte 
Terminetion 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


devices 
due to voltage 
build-up 
on the input 
capacitor 
due to 
leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however. 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should be observed. 


In the fabricatIon 
of a TMOS FET.a diode ISformed across the 
source-to-draln 
terminals as shown In Figure 15 Reversal of the 
drain voltage will cause current flow In the reverse directIon 
This 


diode may be used In CirCUits requIring 
external 
fast recovery 
diodes. 
therefore. 
typical 
characteristics 
of the on voltage. 


forward turn-on and reverse recover VtImes are given 
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Invened 
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SOFT 
RECOVERY 
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R1 '" 50 Ohms 
R1 '" 150 Ohms 
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01'" 
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ll.: 
I.U - 21 #JH 


11 ~ Vallac 
Ad,usts 
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CURRENT 
VIEWING 
RESISTOR 


® MOTOROLA 
MTM8N18, MTM8N20 
MTP8N18,MTP8N20 


N-CHANNEL 
ENHANCEMENT 
MODE 
SILICON 
GATE 
TMOS 
POWER 
FIELD 
EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high speed power 
switching 
applications such as switching 
regulators, converters, 


solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 


Specified at 100°C 


• 
Designers Data - 
IDSS, VDS(on) SOA and VGS(th) Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


N-CHANNEL 
TMOS 
POWER 
FET 


,r 
TMOS 


MTM8N18 
MTM8N20 
Rating 
Symbol 
MTP8N18 
MTP8N20 
Unit 


Drain - 
Source Voltage 
VOSS 
180 
200 
Vdc 


Drain - 
Gate Voltage 
VOGR 
180 
200 
Vdc 


IRGS = 1.0 MO) 


Gate - 
Source Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 


Continuous 
10 
80 


Pulsed 
10M 
25 


Gate Current - 
Pulsed 
IGM 
1.5 
Adc 


Total 
Power 
Po 
75 
Watts 
Dissipation 
@ TC = 25°C 


Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' TSt9 
-65 
to 150 
°C 
Temperature 
Range 


Thermal 
Resistance 
ReJC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes. 
1IS'" 


from case for 5 seconds 


Designer's 
Data for "Worst 
Case" Conditions 


The Designers 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the 
information 
presented. 
limit 
data - 
representing 
device characteristics 
bounaaries 
- 
are 
given to facilitate 
"worst 
case" 
design. 
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ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C unless otherwise 
noted) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain·Source 
Breakdown 
Voltage 
V(BR)DSS 
Vdc 
(VGS = O. ID = 5.0 mAl 
MTMBN1B/MTPBN1B 
lBO 
- 


MTMN81 B/MTP8N20 
200 
- 


Zero Gate Voltage 
Drain Current 
IDSS 
mAde 


(VDS = 0.B5 
BVDSS, VGS = 0) 
- 
0.25 
TJ= 
100°C 
- 
2.5 


Gate- Body Leakage 
Current 
IGSS 
- 
500 
nAdc 


(VGS = 20 Vdc, VDS = 0) 


Gate Threshold Voltage 
VGS(lh) 
2.0 
4.5 
Vdc 
(ID = 1.0 mA 
VDS = VGS) 
TJ = 100°C 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS = 10 V) 
VDS(on) 
Vdc 


(lD = 4.0 Adc) 
- 
1.6 


(ID = 8.0 Adc) 
- 
4.0 
(lD = 4.0 Adc, TJ = 100°C) 
- 
3.2 


Static Drain-Source 
On-Resistance 
rDS(on) 
- 
0.4 
Ohms 
(VGS = 10 Vdc. ID = 4.0 Adc) 


Forward 
Transconductance 
gts 
3.0 
- 
mhos 
(VDS = 15 V, ID = 4.0 A) 


SAFE OPERATING 
AREAS 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


See Figure 
12 


See Figure 
13 


Input Capacitance 


Output 
Capacitance 
(VDS = 25 V, VGS = 0, f = 1.0 MHz) 


Reverse 
Transfer 
Capacitance 


Turn-On 
Delay Time 
tdlonl 
- 
40 
ns 


Rise Time 
(VDS = 25 V. ID = 4.0 A 
tr 
- 
150 
ns 


Turn-Off 
Delay Time 
Rgen = 50 ohms) 
tdloffl 
- 
100 
ns 


Fall Time 
If 
- 
100 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS = 8.0 A 
VSD 
2.0 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
tnn 
250 
ns 


Reverse 
Recovery Time 
I 
See Figures 16 and 17 
Irr 
325 
ns 
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FIGURE 4 - 
ON-REGION 
CHARACTERISTICS 
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FIGURE 6 - 
TRANSFER 
CHARACTERISTICS 
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FIGURE B - 
ON-VOLTAGE 
VARIATION 


TJ.25°C 


80A- 
- 


4.0 A 


2.0 A 
10 - 
1.0 A 


'"« 


~ 60 


2.0 
4 0 
6.0 
8.0 


VGS GATE-TO-SOURCE VOLTAGE (VOLTS) 


l\ 
TJ = 25°C 
_ 


~ 
VGS= 0 


\"'- 
I 
1= 1.0 MHz - 


\ 


(155 


\I\.. 


•...•. 


\ 
--- 
Coss 


\. 
I 


Cr55 


'ii: 


~ 
600 
;: 
D 
:. 
400 
~u 


10 
20 
30 
40 


VOS. ORAIN·TO·SOURCE 
VOLTAGE (VOLTS, 


0' 0 5 
-- -- 


--- 
+ffff-- 
L 
= 
--~ 
- 


0.1 
- 
;:::?" 
PliJkl 
, 
I 


005 - 
IJUl 


R"JCltI 
Ill) RuJC 
=== 


R"JC 
1 67~~C!W Ma_ 


002 
= 
j 
o curves 
apply 
tOl 
power 
- 
-III I- 
Pulse 
Iram shown 
- 
- 
.- 
,.,- 
- 
~ 
'1 -1 


Read lime all\ 
-- --- 


..- 
0·9' 
IJ1P" 
IC 
P(pkl AI/Jell I 


'IS'Il'lnr 


- 
DUTY evell 
0=11 
'2 
---- 


II1111 
I 
1IIII1 
I 
Ii 


IoU 
~ 
05 


~ 
~ 
03 


~ 
~ 
0.2 
~~ 
00: 
~ 
~ 
0.1 
::o~ 
o:r" .... 
~ 
~ 
0.05 
z~ 


~~ 
0,03 


~ 
0.02 


10 


u 
07 
0=05 
z 
05 
~~ 
03 
~c 
02 
02 
""~ 
~01 
~'" 
~~ 
~"" 
01 
,,~ 
•... ~ 
f--005 
~ ~ 
007 
~ 
- 
005 
~002 
g' 
003 
~ 
- 
002 


001 


........r1 


001 
0.02 


PIP"[JUl 


--j 111--1 
r-- '2 -- 


DUlY CYCLE.0 ' 
1)/'2 


I 


RHJCltI 
' '1'1 RHJC 
ROJC = 1 67°C/W 
Mal 
o curves 
apply 
for 
power 


Pulse Iram shown 
Read lime at 11 


IJIP" 
- 
TC ' Pip', 
R"JCII) 


- 
- 
••••.10<: 
- - 


"" 


rOS(on) 
limit 
-- 
- 
Package 
limit 
-;- 


"" 


Thermal limit - 


Te = 25°e 
_ 
MT,M/~T~B~I,B, 
f-<o 


VGS= 20 V 
MTMTiBN2] 
I-- 


Singlj Shi' ~U'tiI 


f 
:=;~ 
>-z~~ 
=> 
~ 
1.0 
~ 
9 


The data of Figure 
12 is based on TC :;::25°C; TJ(pk) is a variable 
depending on the power level. The allowable current at the 
voltages 
shown 
in Figure 
12 may be calculated 
for any case 
temperature 
with the aid of the following 
equation: 


where 
IDIle) 
:;::the maximum allowable current at a case tem- 
perature. Tc. 


IO(25°C) 
;;:the maximum 
allowable 
current 
at a given voltage 
from Figure 12. 


:;::the rated power dissipation 
at Tc:;:: 25°C. 


:;::the rated steady state thermal 
resistance 


25 


f 
20 


:=;~ 
>- 
15 
~ 
31 
Z 
10 
~ 
950 


MTMlMTPBN1B - 


MTM/MTPBN20 


TJ~150°C 
I 
I 


The switching 
safe operating 
area (SOAI of Figure 13. is the 
boundary that the load line may traverse without 
incurring 
damage to the MOSFET. The fundamental 
limits 
are the peak 
current, 
10M and the breakdown 
voltage, V(BR)OSS. The switch- 
ing SOA shown 
in Figure 13 is applicable 
for both turn·on 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second. 


Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 2.0 A. (See Figure 6.) Linear ampli- 
fiers with 
high frequency 
response can be designed 
using this 
product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode may result 
in detrimental 
effects 
on the 
reliability 
of a power MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however, 
reasonable 
precautions 
in handling 
and packaging MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET. a diode is formed across the 
source-to-drain 
terminals 
as shown 
in Figure 15. Reversal of the 
drain voltage will cause current flow in the reverse direction. 
This 


diode may be used in circuits 
requiring 
external 
fast recovery 
diodes. 
therefore, 
typical 
characteristics 
of the on voltage, 


forward 
turn-on 
and reverse 
recovery times are given. 


Oscilloscope 
Channel 
A 
Inverted 


- 
IRIREC); 
1.0 A Max 


Soft Recovery 


VFM; 
VSD 
--1.3V 


FIGURE 
18 - 
JEDEC 
REVERSE 
RECOVERY 
CIRCUIT 


Rl 


L1 


di/dt 
Adjust 


R1 ; 50 Ohms 
R2; 
250 Ohms 
D1 ; 1N4723 
D2; 
1N4oo1 
D3; 
1N4933 
SCR1 ; MCR729-10 
C1 ; 0.5 to 50 ~F 
C2; 
4000 ~F 


L1 ; 1.0-27 
~H 


T1 ; Variac Adjusts 
I{pKI and di/dt 
T2; 
1:1 


T3 = 1: 1 (to trigger circuit) 


~ 


T2 


120 Vac 
1.1 
60 Hz 


1·' 


Current 
Viewing 
Resistor 
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Designer's Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage. high 
speed power switching applications such as line operated switching 
regulators. 
and converters. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designer's 
Data - 
lOSS. VDS(on) 
and SOA Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement. VG(th) = 4.5 Volts (max) 
1r 
TMOS 


Rating 
Symbol 
MTM8N35 
MTM8N40 
Unit 


Drain 
- 
Source 
Voltage 
VOSS 
350 
400 
Vdc 


Drain 
- 
Gate 
Voltage 
VOGR 
350 
400 
Vdc 


(RGS = 1.0 mn) 


Gate 
- 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain 
Current 
Adc 
Continuous 
10 
S.O 
Pulsed 
10M 
40 


Gate 
Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
Po 
Watts 


Dissipation 
@ TC = 25°C 
150 
Derate above 25°C 
1.2 
W/oC 


Operating 
and Storage 
TJ. Tstg 
-65 
to 150 
°c 
Temperature 
Range 


Thermal 
Resistance 
ReJC 
0.S3 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes. 
liS" 


from 
case for 5 seconds 


Designer's 
Data for "Worst 
Case" 
Conditjons 


The Designer's 
Data Sheet permits 
the design 
of most circuits 
entirely 
from 
the 
information 
presented. 
Limit 
data - 
representing 
device 
characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" 
design. 


MTM8N35 
MTM8N40 


N-CHANNEL TMOS 
POWER FET 


MTMSN40 
A ---------1 


MTMSN35 
C B ~ 
C 
~~j 


NOTES: 


1. DIMENSIONS 
a AND v ARE 
DATUMS. 


2. W IS SEATING 
PLANE 
AND 
DATUM. 


3. POSITIONAL 
TOLERANCE 
FOR 
MOUNTING 
HOLE Q: 


1 .11.1310.0051(0 
I T IV(0 
1 


FOR LEAOS: 


I • 
11.13100051(0T 
I v(0 
10(01 


4. DIMENSIONS 
AND 
TOLERANCES 
PER 
ANSI Y14.5, 1973. 


MILllMETERS 
INCHES 
DIM 
MI. 
MAX 
MI. 
MAX 


A 
39.37 
- 
1.550 
B 
- 
21.08 
- 
0.830 


c 
6.35 
7.62 
0.250 
0.300 


0 
0.97 
1.09 
0.03B 
0.043 


E 
1.40 
1.18 
0.055 
0.070 


F 
30.15BSe 
1.187 SSC 


G 
10.92sse 
0.430 SSC 


H 
5.46 SSC 
0.215 SSC 


J 
16.89 SSC 
0.665BSe 
• 
11.18 
12.19 
0.44OT 0.480 


0 
3.81 
4.19 
0.150 
0.165 


R 
'26.67 
- 
1.050 


U 
4.831 
5.33 
0.190 I 0.210 
V 
3.81 I 
4.19 
0.150 I 0.165 


\ 
ELECTRICAL 
CHARACTERISTICS 
(Te; 
25°e 
unless otherwise 
noted) 


Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BRIDSS 
Vdc 
(VGS; 
0, 10; 
5.0 mAl 
MTM8N35 
350 
- 
MTM8N40 
400 
- 


Zero Gate Voltage 
Drain Current 
lOSS 
mAde 
(VOS; 
0.85 Rated VDSS, VGS ; 0) 
- 
0.25 
TJ; 
l000e 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
- 
500 
nAdc 
(VGS; 
20 Vdc, VDS; 
0) 


- 


Gate Threshold 
Voltage 
VGS(th) 
Vdc 
(ID; 
1.0 mA, VDS; 
VGS) 
2.0 
4.5 
TJ; 
l000e 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS; 
10 VI 
VDS(on) 
Vdc 
(ID; 
4.0 Adc) 
- 
3.2 
(ID; 
8.0 Adc) 
- 
80 
(lD; 
4.0 Adc, TJ; 
100°Ci 
- 
5.6 


Static 
Drain-Source 
On-Resistance 
rDS(on) 
- 
08 
Ohms 
(VGS; 
10 Vdc, ID; 
4.0 Adc) 


Forward 
Transconductance 
gts 
3.0 
- 
mhos 
(VDS; 
15 V, ID; 
4.0 AI 


Input Capacitance 


Output 
CapacItance 


Reverse 
Transfer 
Capacitance 


See Figure 9 


See Figure 
10 


SAFE OPERATING 
AREAS 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


Turn-On 
Delay Time 
td(on) 
- 
60 
ns 


Rise Time 
(VDS; 
125 V, ID; 
4.0 A, 
tr 
- 
150 
ns 


Turn-Off 
Delay Time 
Rgen; 
50 ohms) 
tdloffl 
- 
200 
ns 


Fall Time 
tf 
- 
120 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS - 8.0 A 
VSD 
1.0 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS; 
0, di/dt 
; 25 AI "s 
ton 
175 
ns 


Reverse 
Recovery 
Time 
I 
See Figures 
14 and 15 
trr 
600 
ns 


~ 
~VGS= 
20V 
" 
,0- !--VGS 
= 10 V 
TJ = '25°C 
I- ~VGS= 
7.d V 


vGS = 6.0 V 


vGS = 5.0 V 


vGS = 4.0 V 


50 
100 
150 
200 


VOS. ORAIN·TO-SOURCE VOLTAGE (VOLTS) 


I 
""'" 
VOS = VGS 


~ 


10 = 1 0 mA 


~ 
~ 


""'" 


~ 
'--- ...•.... 


•...•..•. 


~ 


1.2 


~ 
~ 
1.1 
~ 


co« 
1.0 
~ 
> 
c 
c 
0_90 
or 
'"~ 
or~ 
~ 0.80 


co 
~ 
~ 
0.70 
> 
-50 


0 
VGS~10V 
./ 


8 
TJ = 100°C ~---- 


./ 


6 


.,/" 


TJ = 25°C 
--- 


TJ = -55°C - 


....- 


'-'~ 
=> 
~ 
0.4 
~ 
Z 


~ 
0.2 
g 


~ 
0o 
4.0 
8_0 
12 


10. DRAIN CURRENT (AMPS) 


VGS - 
20 V 
/1/ 


--lGS 
1 


1 


0V 


TJ = hoc 
/. 
./ 
VGS = 7_0 V 
'/ 
h'/ 


~ 


VGS = 6.0 V 


l 


VGS = 5.0 V 


IT 
VGS = 4_0 V 


in 
~ 
12 
5-~ 


~ 
::: 
8_0 
z 
~ 
E 
4.0 


4_0 
8_0 
12 
16 


VOS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 
6 - 
TRANSFER 
CHARACTERISTICS 


12 
!Tr 
55°C 
H !-- 
25°C 
I 
I 
1/- i--- 100°C 


VOS = 20 V 
1/ 


I. 


/I, 


J 


I 
/1 
-- '/./ 


in 
:E 
8.0 
5-i 6.0 
Bz 
~ 
4.0 


E 
2.0 


2_0 
4.0 
6.0 
8_0 
10 


VG8- GATE-TO-SOURCE VOLTAGE (VOLTS) 


\ 


TJI= 250~1= 
VGS = 0 


"'" 


f = 1.0 MHz 


Ciss 


\ 


"- 


Coss 
I\.. 
..•... 


Crss - F= 


~ 
1200 
«~ 
: 
800 
5 


100 ~. 
I1.0 m. 


, 
.Typ 'OS(on) Limit 


-- 
- 
Package limit 
Thermal 
limit 


TC = 25°C 


VGS = 20 V. Smgle 
Pul.e 


10 
100 


VOS. ORAIN·TO-SOURCE 
VOLTAGE (VOLTS) 


The data of Figure 
9 is based 
on TC= 25°C; 
TJ(pk) is a variable 
depending 
on the power level. The allowable 
current 
at the 
voltages 
shown 
in Figure 
9 may 
be calculated 
for 
any case 
temperature 
with 
the aid of the following 
equation: 


IO(Tc) 
= the maximum 
allowable 
current 
at a case tem- 


perature, Tc- 


IO{25°C) 
= the maximum 
allowable 
current 
at a given voltage 
from Figure 9. 


= the rated power 
dissipation 
at TC = 25°C. 
= the rated steady state thermal 
resistance 


TJ";; 
150°C 
MTM8N35 - 


MT~8N40 


100 
200 
300 


VOS. ORAIN-TO·SOURCE 
VOLTAGE (VOLTS) 


For various 
pulse widths 
and duty cycles. 
substitute 
R8JC{t) 
determined 
from Figure 11 for R6JC. 


The switching 
safe operating 
area ISOA) of Figure 
10. is the 
boundary 
that 
the 
load 
line 
may traverse 
without 
incurring 
damage 
to the 
MOSFET. 
The fundamental 
limits 
are the 
peak 
current-10M 
and the breakdown 
voltage. 
V(BR)OSS. The switch- 
ing SOA shown 
in Figure 
10 is applicable 
for both turn-on 
and 
turn-off 
of the devices 
for switching 
times 
less than 
one micro- 
second. 


0' 
0.5 


0.2 
- 
".. 


0.1 
;;;... 
Plllkl 
lnJClt) 
= r(t) ROJC 
f-- 0.05 
tJUl 


ROJC = 0.83°C/W 
Max 


o CurvesApplyfor Power 
f-- 0.02 
-r~~ 


PulseTrainShown 
ReadTime at 11 
d-=--- 
TJlpkl - TC' 
Plpkl Z'JClti 
~ 
DUTY 
CYCLE, 
D = 11/12 


-----I 
S'iG\EiWi 
IIIII 
I 
I 
I 
I I IIIII 
I 
I 
I 
I I I II 


In the fabrication 
of a TMOS 
FET, a diode is formed 
across the 
source-to-drain 
terminals 
as shown 
in Figure 11. Reversal 
of the 
drain voltage will cause current flow in the reverse direction. 
This 


diode 
may be used 
in circuits 
requiring 
external 
fast 
recovery 


diodes, 
therefore, 
typical 
characteris~ics 
of the on voltage, 


forward 
turn-on 
and reverse 
recovery 
times 
are given. 


Oscilloscope 
Channel 
A 


Inverted 


- 
IR(REC) = 1.0 A Ma. 


Soft Recovery 


VFM = VSO 


--1.1V 


T1 


~ 


T2 


120Vac 
II 
60 Hz 


1:1 


R1 = 50 Ohms 
R2 = 250 Ohms 
01 = lN4723 
02 = 1N4001 
03 = lN4933 
SCR1 = MCR729-10 


C1 = 0.5 to 50 I'F 
C2 = 4DDO I'F 
L1 = 1.0-27 
I'H 
T1 = Variac Adjusts 
IIPK) and di/dt 
T2 = 1:1 
T3 = 1:1 (to trigger 
circuit) 
Current 
Viewing 
Resistor 


Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The tra nsfer characteri 
stics are 
linear at drain currents 
of 2.0 Amps. (See Figure 6.) Linear ampli- 
fiers with 
high frequency 
response can be designed 
using this 
product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open·c;rcuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


devices 
due to voltage 
build· up on the input 
capacitor 
due to 
leakage currents 
or picku·p. 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power MOSFET. If gate protection 
is required, 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 


from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 


devices 
are more rugged than 
MOS ICs. This is primarily 
due 
to the comparatively 
larger 
capacitances 
associated 
with 
power 
devices, 
however, 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should be observed. 
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MTM10NOS,MTM10N06 
MTP10NOS,MTP10N06 


Designer's Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high speed power 
switching 
applications 
such as switching 
regulators, 
converters, 


solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 


Specified at 100°C 


• 
Designer's Data -lOSS, 
VDS(on), SOA and VGS(th) Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


N-CHANNEL 
TMOS 
POWER 
FET 


rOSlon) ; 0.28 OHM 
50 and 60 VOLTS 


lr 


MTM10N05 
MTM10N06 
Rating 
Symbol 
MTP10N05 
MTP10N06 
Unit 


Drain - 
Source 
Voltage 
VDSS 
50 
60 
Vdc 


Drain - 
Gate Voltage 
VDGR 
50 
60 
Vdc 


(RGS; 1.0 Mn) 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 


Continuous 
ID 
10 


Pulsed 
IDM 
28 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
PD 
75 
Watts 


Dissipation@ TC; 25°C 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 to 150 
°C 


Temperature 
Range 


Thermal 
Resists 
nee 
R8JC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
Tl 
275 
°C 


Soldering 
Purposes, 
1IS" 


from 
case for 5 seconds 


Designer's 
Data for "Worst 
Case" Conditions 


The Designer's 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the 
information 
presented. 
Limitdata 
- 
representing 
device characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" 
design. 


STYlE 
3 


PIN 
1 
GATE 


2 
SOURCE 


CASE 
DRAIN 


L 
r-A8~-tC 


l.~-r 


• 
0 
K 


SUTlNGPLAN( 
_ 
_ 
L 


1 
.... 
.1 
29.90 
30." 
1Q.61 
11.11 
, 


16.64 
11.15 


11.11 
1119 
3.1 
'.1 
26.61 


1." 
3,05 
0.100 


MTP10N05 ~~CL~T 
MTP10N06 
I 
7 
tu 
F 


STYlE , 
r-I 4 Ii'-;) 
1 


PIN j ~~~1~E 
K 
~~: 
•• Zd,~r 


NOTES 
-ll-J 
D~ 1-., 


L 


G 


I. 
OIMENSIONS 
LAND 
H APPLIES 
TO ALL 
LEADS. 


2. 
OIMENSION 
Z DEFINES 
A ZONE 
WHERE 
ALL 


BODY 
AND 
LEAD 
IRREGULARITIES 
ARE 


ALLOWED. 


3. 
OIMENSIONING 
AND 
TOLERANCING 
PER ANSI 
Y145191J. 


4. 
CONTROLLING 
DIMENSION: 
INCH 
.•. 


G 


D 
S 


CASE 221A-02 
TO-220AB 


MILLI 
INCHES 
OIM 
MIN 
MIN 
MAX 


A 
1.11 
0.595 
0.620 
• 
9.65 
0.405 


C 
4.06 
0.160 
0.190 


0 
0" 
0.025 
0.035 
F 
3.61 
0.142 
0.141 


G 
2.41 
0.095 
0.105 


N 
2.19 
3.30 
0.110 
0.130 


J 
0.36 
OS< 
0.014 
0.022 
X 
12.10 
1421 
0.500 
0.562 


l 
1.14 
1.21 
0.045 
0.050 
N 
4.83 
5.33 
0.190 
0.210 
Q 
1." 
3 
O.HIO 
0.120 


R 
1. 
1.29 
D.OIQ 
0.110 
S 
1.14 
U, 
O. , 0.055 
1 ,., ••• 
0.235 
0.255 
U 
0.16 
1.21 
0.030 
0.050 


1.14 
0.045 


Z 
os 
0.080 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


'Drain-Source 
Breakdown 
Voltage 
VI8R)Oss 
Vde 
IVGs = 0, 10 = 5.0 mAl 
MTM10N05/MTP10N05 
50 
- 


MTM1 ON06/MTPl 
ON06 
60 
- 


Zero Gate Voltage 
Drain 
Current 
lOSS 
mAde 
IVos 
= 0.85 
Rated VOSS, VGs = 0) 
- 
0.25 
TJ = 100°C 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGss 
- 
500 
nAde 
(VGs = 20 Vde, VOs = 0) 


Gate Threshold 
Voltage 
VGslth) 
Vde 
(10 = 1.0 mA, VOs = VGs) 
20 
4.5 
TJ = 100°C 
1.5 
4.0 


Orain-souree 
On-Voltage 
IVGs - 10 V) 
VOslon) 
Vde 
(10 = 5.0 Ade) 
- 
1.4 
(10 = 10 Ade) 
- 
34 
(10 = 5.0 Ade, TJ = 100°C) 
- 
28 


Static 
Drain-Source 
On-Resistance 
rOS(on) 
- 
0.28 
Ohms 
(VGs = 10 Vde, 10 = 5.0 Ade) 


Forward 
Transconductance 
9ls 
2.5 
- 
mhos 
(VOs = 15 V, 10 = 5.0 A) 


Input Capacitance 
Cjss 
- 
400 
pF 
IVos 
= 25 V, VGs = 0, 1= 1.0 MHz) 


Output 
Capacitance 
Coss 
- 
350 
pF 
IVOs = 25 V, VGs = 0, f = 1.0 MHz) 


Reverse 
Transfer 
Capacitance 
Crss 
- 
100 
pF 
IVOs = 25 V, VGs = 0, I = 10 
MHz) 


Turn-On 
Delay Time 
tdlon) 
- 
50 
ns 
(VOs = 25 V, 10 = 5.0 A, Roen = 50 ohms) 


Rise Time 
tr 
- 
120 
ns 
IVos 
= 25 V, 10 = 5.0 A, Roen 50 ohms) 


Turn-Off 
Delay Time 
'dloff) 
- 
50 
ns 
IVos 
= 25 V, 10 = 5.0 A, Roen = 50 ohms) 


Fall Time 
II 
- 
60 
ns 
IVos 
= 25 V, 10 = 5.0 A, Roen = 50 ohms) 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
IS - 10 A 
VsO 
2.0 
Vde 


Forward 
Turn-On 
Time 
VGs = 0 
ton 
200 
ns 


Reverse 
Recovery 
Time 
See Figure 
16 and 17. 
tf( 
300 
ns 
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-' 
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./ ./ 
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-- 
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10. DRAIN CURRENT (AMPS) 
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VGS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
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de 
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1 
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I 
I 
0~016 


10 
60 


VOS. ORAIN·TO·SOURCE 
VOLTAGE (VOLTS) 


The data of Figure 
12 is based on TC = 25°C; 
TJ(pk) is a variable 
depending 
on the power 
level. The allowable 
current 
at the 
voltages 
shown 
in Figure 
12 may be calculated 
for any case 
temperature 
with the aid of the following 
equation: 


[ 


TC - 250CJ 


= ID(25°C) 
1 - 
PD R8JC 


IDITe) 
= the maximum 
allowable 
current 
at a case tern· 


perature. 
Tc. 


IO(25°C) 
= the maximum 
allowable 
current 
at a given voltage 
from 
Figure 12. 


= the rated power 
dissipation 
at TC = 25°C. 


= the rated steady state thermal 
resista nee 


Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving 
the gate from a voltage source. 


Transfer 
Characteristics 
- 
The tra nsfer characteri 
sties are 


linear at drain currents 
of 2.0 Amps. (See Fig ure 6.) Linear ampli- 


fiers with 
high frequency 
response 
can be designed 
using this 
product. 


Gate 
Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the 
rated 
VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices 
are essentially 
capacitors. 
Circuits 
that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result 
in turn-on 
of the 


MTM(MTP1~N05 - 


MTM(MTP10N06 


TJ';; 
150°C 


~ 
30 


::;;~ 
~ 
_ 
20 


13z~ 
'"E 
10 


20 
40 
60 
80 


VOS. ORAIN·TO·SOURCE 
VOLTAGE (VOLTS) 


For various 
pulse widths 
and duty cycles, 
substitute 
ROJC(tl 
determined 
from 
Figures 
10 and 11 for ROJC. 


The switching 
safe operating 
area (SOA) of Figure 13, is the 
boundary 
that 
the 
load line 
may traverse 
without 
incurring 


damage 
to the 
MOSFET. The fundamental 
limits 
are the peak 


current, 
10M and the breakdown 
voltage. V(BR)OSS' The switch- 
ing SOA shown 
in Figure 13 is applicable 
for both turn-on 
and 


turn-off 
of the devices for switching 
times less than one micro- 


second. 


devices 
due to voltage 
build-up 
on the 
input 
capacitor 
due to 


leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have 
an internal 


monolithic 
zener diode from 
gate to source. 
The addition 
of an 


internal 
zener 
diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required, 
an 


external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS les are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more 
rugged 
than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 


power 
devices, 
however. 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should 
be observed. 


In the fabrication 
of a TMOS 
FET, a diode is formed 
across the 
source-to-drain 
terminals 
as shown 
in Figure 14. Reversal of the 


drain voltage will cause current flow in the reverse direction. 
This 


diode 
may be used in circuits 
requiflng 
external 
fast 
recovery 


diodes. 
therefore. 
typical 
characteristics 
of the 
on voltage. 


forward 
turn-on 
and reverse 
recovery 
times 
are given. 


FIGURE 
14 - 
TMOS 
FET WITH 


SOURCE-TO-DRAIN 
DIODE 
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T2 
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II 
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1:1 


R1 = 50 Ohms 
R2 = 250 Ohms 
01 = 1N4723 
02 = 1N4OD1 
03 = 1N4933 
SCR1 = MCR729-10 
C1 =0,5to50~F 
C2 = 4ODO ~F 
L1 = 1,0-27 
~H 


T1 = Variac Adjusts 
'IPKI and di/dt 
T2 = 1:1 
T3;: 
1: 1 (to trigger 
circuit) 
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Viewing 
Resistor 
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Designer's 
Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTdR 


These TMOS Power FETs are designed for high speed power 


switching 
applicati"ns 
such as switching 
regulators, converters, 
solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 1OooC 


• 
Designers Data - 
lOSS, VDS(on), VGS(th) and SOA Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads,r 


MTM10N08 
MTM10Nl0 
Rating 
Symbol 
MTP10N08 
MTPlliNl0 
Unit 


Drain - 
Source 
Voltage 
VOSS 
80 
100 
Vdc 


Drain - 
Gate Voltage 
VOGR 
80 
100 
Vdc 
IRGS= 1.0 Mfi) 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain 
Current 
Adc 
Continuous 
10 
10 
Pulsed 
10M 
25 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total 
Power 
Po 
Watts 
Dissipation 
@ TC = 25°C 
75 
Derate above 25°C 
'0.6 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 to 150 
°C 
Temperature 
Range 


Thermal 
Resistance 
R8JC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes, 
1IS" 


from 
case for 5 seconds 


Designer's 
Data for "Worst 
Case" 
Conditions 
The Designer's 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the information 
presented. 
Limit curves-representing 
boundaries 
on device 
characteristics-are 
given to facilitate 
"worst 
case" design. 


MTM10N08 
MTM10Nl0 
MTP10N08 
MTP10Nl0 


N-CHANNEL 
TMOS 
POWER 
FET 


rDSlon! = 0.33 OHM 
80 and 100 VOLTS 


STYLE 3 
PIN 1. 
GATE 
2 
SOURCE 
CASE CRAIN 


r-==- A.~~----: 
c 


~ 


'; 
-~T-T 
L' 
[ 
-1 


E 
. 
-0 
K 
SUTlfitG'LAfitE'/ 
_ 
.. 
j 
r-- 
F 
"1 


~ 


' 
'1 
I 
-, 


Q 
- 
1 
! 
~ __ 
I 
R 
'1-- 
'.1\ -- 
q 
Q, 


U 
S 


, 


1 
I 
,9.0, ".. 
1 
7 
11.1 


.•. 
1J.l 
'" 
11.18 
12.19 
0.410 


1 
'.1 
1 


.n 
I 


'54 
3.05 
0100 
0120 


MTP10N08 
MTP10Nl0 
o 


STnE5 


PIN 
1 
GATE 


2 
OUIN 
3 
SouRCE 


4 
ORAtN 


MilliMETERS 
DIM 
MIN 
MAX 
X 
AlII 
1575 
0.620 
• 
9.6 
1029 
C 
4.06 
4.12 
0,190 
o 
0.64 
0.19 
0,035 
F 
361 
313 
0147 


G 
2.41 
267 
0105 
H '279 
3.30 
0130 
J 
036 
t156 
1 
0022 
k 
12/0 
1421 
0,500 
0.562 
L 
114 
111 
0045 
OOSO 
N 
483 
533 
0190 
010 


Q 
2!l4 
]04 
10100 
0120 
R 
204 
27900100110 


S 
1.14 
139 
0 
5 
0055 
T 
591 
64802350255 


U 
016 
121 
0030 
OOSO 
114 
0045 


· ELECTRICAL CHARACTERISTICS 
(Te = 25°e 
unless 
olherwise 
nOled) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain·Source 
Breakdown 
Voltage 
V(BR)OSS 
Vdc 


(VGS = O. 10 = 5.0 mAl 
MTM10NOB/MTP10NOB 
BO 
- 


MTM10N10/MTP10N10 
100 
- 


Zero ~ate 
Voltage 
Drain Current 
lOSS 
mAde 


(VOS = 0.B5 Raled VOSS. VGS = 0) 
- 
0.25 
TJ= 
l000e 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
- 
500 
nAdc 


(VGS = 20 Vdc. VOS = 0) 


- 


Gate Threshold 
Voltage 
VGS(lh) 
Vdc 


(10 = 1.0 mA. VOS = VGS) 
2.0 
4.5 
TJ = l000e 
1.5 
4.0 


Orain-Source 
On-Voltage 
(VGS = 10 V) 
VOS(on) 
Vdc 


110= 5.0 Adc) 
- 
1.65 


110= 10 Adc) 
- 
4.0 
(10 = 5.0 Adc. TJ = loo0e) 
- 
33 


Static 
Drain-Source 
On-Resistance 
rOS(on) 
- 
033 
Ohms 


(VGS = 10 Vdc. 10 = 5.0 Adc) 


Forward 
Transconductance 
gts 
2.5 
- 
mhos 


(VOS = 15 V. 10 = 5.0 A) 


Input Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


See Figure 9 


See Figure 
10 


SAFE 
OPERATING 
AREAS 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


'DYNAMIC 
CHARACTERISTICS 


Turn-On 
Delay Time 
'd(onl 
- 
50 
ns 


Rise Time 
(VOS = 25 V. 10 = 5.0 A. 
'r 
- 
150 
ns 


Turn·Off 
Delay Time 
Rgen = 50 ohms) 
Id(oft) 
- 
100 
ns 


Fall Time 
It 
- 
50 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS - 10 A 
VSO 
2.0 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
'on 
BO 
ns 


Reverse 
Recovery Time 
I 
See Figures 
15 and 16 
Irr 
700 
ns 


I-f -VGS 
= 20 V 
I 
I 
TJI = 25~C- r-- 


~~VGS 
- 10 V 
I 
I 


II 


VGS - 8.0 V 


I 
1 


I 
I 


VGS = 7.0 V 


, 
-- r-- 


I 
I 


VGS - 60 
V 
I 


I 
I 
1 


VGS 
5.0 V 


12 


10 
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"" 
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The data of Figure 9 is based on Tc;: 25°C; TJ(pk) is a variable 
depending on the power level. The allowable current at the 
voltages 
shown 
in Figure 9 may be calculated 
for any case 
temperature 
with the aid of the following 
equation: 


[ 
Te - 25 
0eJ 
= IDI25°e! 
1 - --- 
PD ReJC 
where 
lo(Tel:: 
the maximum allowable 
current at a case tem- 


perature. Tc- 


IO(25°C) 
;: the maximum 
allowable 
current 
at a given voltage 
from Figure 9. 
;: the rated power dissipation at TC ::;:25°C. 
;: the rated steady state thermal resistance 


The switching 
safe operating 
area (SOAI of Figure 10, is the 
boundary 
that the load line may traverse 
without 
incurring 
damage to the MOSFET. The fundamental 
limits 
are the peak 
current, 
10M and the breakdown 
voltage. V(BR)OSS. The switch- 
ing SOA shown 
in Figure 10 is applicable 
for both turn-on 
and 
turn-off 
of the devIces for switching 
times less than one micro- 


second. 
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SWitching 
Speed 
- 
The switching 
speeds of these devices 
are 
dependent 
on the driving 
impedance. 
Extremely fast switching 
speeds can be attained 
by driving 
the gate from a voltage source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear 
at drain 
currents 
of 1.0 Amps. 
(See Figure 
6.) Linear 
ampli- 
fiers 
with 
high 
frequency 
response 
can be designed 
using this 
product. 


Gate 
Voltage 
Rating 
- 
Never exceed 
the gate voltage 
rating 
of ±20 
V. Exceeding 
the 
rated 
VGS can result 
in permanent 


damage 
to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices 
are essentially 
capacitors. 
Circuits 
that leave the gate open-circuited 
or floating 
should 
be avoided. 
These conditions 
can result 
in turn·on 
of the 


Gate 
Protection 
- 
These 
devices 
do not have 
an internal 
monolithic 
zener diode from 
gate to source. 
The addition 
of an 
internal 
zener 
diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required, 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more 
rugged 
than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices, 
however, 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should 
be observed. 


In the fabrication 
of a TMOS 
FET, a diode is formed across the 
source·to-drain 
terminals 
as shown 
in Figure 15. Reversal of the 
drain voltage will cause current flow in the reverse direction. 
This 


diode 
may be used in circuits 
requiring 
external 
fast recovery 
diodes, 
therefore. 
typical 
characteristics 
of the on voltage. 


forward 
turn·on 
and reverse 
recovery times are given. 


Oscilloscope 
Channel 
A 
Inverted 


, 
I 
I 
I 
I 
-- 
IRIRECI = 1.0 A Max 
Soft Recovery 


R1 = 50 Ohms 
R2 = 250 Ohms 
01 = 1N4723 
02 = 1N4001 
03 = 1N4933 
SCR1 = MCR729-10 
C1 =0.5to50~F 
C2 = 4000 ~F 
L1 = 1.0-27 
~H 


T1 = Variac Adjusts 
'IPK) and di/dt 
T2 = 1:1 
T3 = 1:1 (to trigger 
circuit) 


~ 


T2 


120Vac 
II 
60 Hz 


1:1 


Current 
Viewing 
Resistor 
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Designer's 
Data Sheet 


N-CHANNEL TMOS 
POWER FET 
N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high speed power 
switching 
applications 
such as switching 
regulators, converters, 


solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designers Data - 
lOSS, VDS(on),SOA and VGS(th) Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


MTM10N12 


MTM10N15 
Lrf 
_AB+1 f 


~ 


r:~-r 
E 
0 
K 
o 
SEATING 
PLANE 
_ 
_ 
J.. 


~ytslJ 


~ 


STVlE3 
PIN 
1. 
GATE 


2. 
SOURCE 


CASE 
DRAIN 
,r 
TMOS 


MILLIMETERS 
INCHES 


DIM 
M" 
MAX 
MI' 
MAX 


I. 


1 
1 
•• 
•.40 
1.7' 
S 
0.010 


CASE 
1-04 


29.90 
3O.'D 
1.177 
1.191 


10.67 
11.11 ..,. 
'''D 
TO-3 TYPE 
53 
• 
. 1 
02,. 
16.&4 
11.15 
G.6SS 
Q.615 


11.11 
12.19 
'''D 
"80 
1 
4.19 
I. 
I. 


lUl 
1.050 


'54 
3" 
0.100 
0.120 
MTM10N12 
MTM10N15 
Rating 
Symbol 
MTP10N12 
MTP10N15 
Unit 


Drain - 
Source 
Voltage 
VOSS 
120 
150 
Vdc 


Drain - 
Gate Voltage 
VOGA 
120 
150 
Vdc 


lAGS = 1.0 MOl 


Gate - 
Source Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
10 
10 
Pulsed 
10M 
28 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
Po 
Watts 
Dissipation 
@ TC = 25°C 
75 
Derate 
above 
25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 
to 150 
°C 
Temperature 
Range 


MILLIMETERS 


DIM 
MIN 
MAX 


A 
15.11 
15.75 


8 
9.6510.29 


C 
U6 
4.82 


o 
0.64 
0.89 
f 
3.61 
373 
2.41 
2.67 


2.79 
3.30 
0.36 
D.SS 


IUD 
14.21 
1.14 
1.21 


4.83 
5.33 
2.54 
3.04 
2.04 
2.19 
1.14 
1.39 
S.!1 
6.48 
0.16 
1.21 
l.l4 


STYLES 


PIN 
I. 
GA.TE 


lDRA.IN 


3. 
SOURCE 


4. 
DRAIN 


Thermal 
Aesistance 
A8JC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes, 
1/8" 


from 
case for 5 seconds 


Designer's 
Data for "Worst 
Case" 
Conditions 


The 
Designers 
Data 
Sheet 
permits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 


information 
presented. 
Limitdata 
- 
representing 
device characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case"" design. 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless 
olherwise 
noled) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BR)OSS 
Vdc 
(VGS = 0, 10 = 5.0 mAl 
MTM10NI21MTP10N12 
120 
- 
MTM10N15/MTP10N15 
150 
- 


Zero Gate Voltage 
Drain 
Current 
lOSS 
mAdc 


(VOS = 0.85 
Raled 
VOSS, 
VGS = 0) 
- 
0.25 
TJ= 
100°C 
- 
2.5 


Gale-Body 
Leakage 
Currenl 
IGSS 
- 
500 
nAdc 
(VGS = 20 Vdc, VOS = 0) 


Gale 
Threshold 
Vollage 
VGS 
Vdc 
(10= 
1.0 mA, VOS = VGS) 
2.0 
4.5 
TJ = 100°C 
1.5 
4.0 


Drain-Source 
On-Vollage 
(VGS = 10 V) 
VOS(on) 
Vdc 
(10 = 5.0 Adc) 
- 
1.5 
liD = 10 Adc) 
- 
3.0 
(10 = 5.0 Adc, 
TJ = lOOOC) 
- 
2.5 


Static 
Drain-Source 
On·Aesistance 
rOSlon) 
- 
0.3 
Ohms 
(VGS = 10 Vdc, 10 = 5.0 Adc) 


Forward 
Transconductance 
gfs 
2.5 
- 
mhos 
(VOS = 10 V, 10 = 5.0 A) 


Input Capacitance 
Ciss 
- 
1200 
pF 
(VOS = 25 V, VGS = 0, f = 1.0 MHz 


Output 
Capacitance 
Cass 
- 
500 
pF 
(VOS = 25 V, VGS = 0, f = 1.0 MHz 


Reverse 
Transfer 
Capacitance 
Cr55 
- 
120 
pF 
(VOS = 25 V, VGS = 0, I = 1.0 MHz 


Turn-On 
Delay Time 
Id(on) 
- 
50 
ns 
(VOS = 25 V, 10 = 5.0 A, Roen = 50 ohms) 


Rise Time 
Ir 
- 
180 
ns 
(VOS = 25 V, 10 = 5.0 A, Roen = 50 ohms) 


Turn-Off 
Delay 
Time 
Id(ofl) 
- 
200 
ns 
(VOS = 25 V, 10 = 5.0 A, Raen = 50 ohms) 


Fall Time 
If 
- 
100 
ns 
(VOS = 25V, 
10 = 5.0 A, Roen = 50 ohms) 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Vollage 
I 
IS = lOA 
VSO 
1.3 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0, di/dl 
= 25 AI ~s 
Ion 
250 
ns 


Reverse 
Recovery 
Time 
I 
See Figures 
17 and 
18 
Irr 
325 
ns 


20 
~ 
::;; 
16 
~~ 
z 
'" 
12 
'"=>uz 
80 
~ 
co 
E 
40 


10 V 
9 V 


/ 
TJ = 25°C 


8 V 
j 


/1, 


7 V 


6 V 


5V 


VOS = VGS 
l--- 


10 = I 0 mA 
-...r--.. 


------- 


~ 
-... 


-... 


F::::: 


I 


in 
~ 
'" 32 
«':;30 
§; 
o 
28 
o 
;;;26 


~ 
24 


~ 
22 
'"~ 
20 
$ 18 


r= f=~o- 20 A 


1--1' 
~ 


L:::- 


, 
-- 
_IO=IOA,. - 
__-r 


1= =10 
4.0 A 


'"« 
~ 
zo 


~ 
1.0 
~~z~ 
co 
Z-o 


~ 
0.1 
> 
-60 -40 
-20 
0 
20 
40 
60 
80 
100 
120 


TJ. JUNCTION TEMPERATURE (OCI 


20 
in~~ 
16 
~ 
z 
'" 
12 
'"=>uz~ 
80 
co 
E 
40 


~ 
1200 
;: 
U 
: 
800 
~u 


I 
I 
VG = 20 VV 


10VV f-- 
f-- 
I 
I 
:.;'.1::=:= 


- 
TJ = 25°C 
1/ /' 
V 
/y 
L,....-- 
f-- 
I/':: V 
8V t-- 


10 ....V 


.# V 
7 V 
~ / 


...• 
%/ 
6 V 
I-- 


~ 
5 V I-- f- 


14 


12 


in~ 
10 
~~i 


8.0 


z 
60 
~ 
co 
40 
E 


2.0 


I 
I~ 
TJ ~ 25 


1°C 


I 
If.I-- 
TJ = -55°C 
VOS = 10 V 
U 


I 


1//1 
VI 


'/I. 


f / 
550C 
J - 
100°C h '/' 
I 
I 


I 
~// 
I 
~ 
V 
I 


TJ = 25°C 
- 


VGS = 0 V - 
\ 


t = 1.0 MHz 


\..\.••.....•.•r-:- 
Ciss 


"- 
I 
\ 
...•.•....... 


Coss 
""- 
Crss 


FIGURE 9 - 
ON-RESISTANCE 
versus 


DRAIN 
CURRENT 


VGS = 10 V 
I 
/' 


TJ = 100°C - 
T 


I 
I 
TJ = 25°C -- 
I 
I 


I 
I 
TJ = -55°C 


u; 0.25 
:; 
:ro 
~ 
0.20 
z 


~ 
0.15 
~ 


~ 
0.10 


12 


u;~ 
10 
~ 
'".. 
80 
~ 
'i; 
'-' 
6.0 
'"~~ 
4.0 
Z~ 
2.0 
0 
'"0> 


I 
I 


TJ=25°C 
- 


8 A 


6 A 
\ 
~ 


f-- ~ 
4A 
10 A 


2 A 


IA - 
~ 


I 0 


07 
4 
05 
~- 
.....c 
03 
:r ~ 
~~ 
~j 
02 


~~ 
01 


: 
~ 0.01 
5~ 0 05 
~v.i 
~ 
~ 
0 03 


~ = 0=05 
R8JClt) = rll) R8JC 
= 
R8JC = 1.67°C/W 
Max 
- 
f-- - 
02 
o curves apply for power 
- 


- 


Pulse train shown 
- 
f-- - 
01 
t:::C:f' 
OUTY CYCLE, 0 = 11112 
- 
Read lime at 11 
_ 


005 
±ITIn 


TJlpkl - TC 
PIpk) RaJC(I) 
P 
==-- 
0.02 
- 


001 
11 


h2--l 


.•.... 


I I~INGL\ PU~SE 


II 
III 
I 
II 
III 
I 
II 
II 


50 
10 


I,TlMEim,1 


10 


'-' 
0.7 
0 
05 
z 
0.5 
~ 
13 
0.3 


"'- 
02 


~c 
02 


0; 
..~ 
- 
:;~ 
"'~ 
~.. 
0.1 
:r:; 
~'" 
=005 
~O 
007 
zz 
~ 
- 
0.05 
-0.02 
zg 
003 
~ 
- 
002 


001 
A'1 


001 
0.02 


-- 
I1IIII 
~ 
Plpk) 


RflJCll1 
rll) RflJC 
[..fLfl 
RflJC - 1 67°C/W 
Ma, 


o curves apply tor power 


.•.... 
~~I 


Pulse trim shown 


'2- 
Read time al 11 


OUTY CYCLE.0 = 11112 
TJlpkl 
TC = Plpkl RHJCltl 


SI~G\E r~Lf\ 
II 
I 
II 
I 


005 
01 
02 
05 
10 
20 
50 
10 
20 
50 
100 
200 
500 
lk 


I. TIME 1m,) 


- 
-- 
.:1=1:1: 
10~s 
- 
1100~s 
- 
i'-.. 
r--...io ms 
"- 


10 ms 


- - 
- -rOSlonllimit 
de 
-----Package 
limit 
---Thermal 
limit 
I I 
III 
I 


I.••••• 


=TC 
25°C 
=VGS- 20V,Sin?l.Pulse MTM(MTr19N1J2 
II 
I 
MTM/MTPION15 
r+ 


~ 
10 
::; 


~ 
5.0 


~ 
3.0 
Bz 
i;j:c 1.0 
E 


The data of Figure 13 is based on Te::; 25°C; TJ(pk) is a variable 
depending 
on the 
power 
level. The allowable 
current 
at the 
voltages 
shown 
in Figure 13 may 
be calculated 
for 
any 
case 


temperature 
with the aid of the following 
equation: 


[ 
TC-250C] 
; IO(25°C) 
1 ----Po ReJC 


lo(Te) 
::;the 
maximum 
allowable 
current 
at a case tem· 


perature. 
T C. 


IO(25°C) 
::;the maximum 
allowable 
current at a given voltage 
from 
Figure 13. 


::;the rated power dissipation 
at TC ::;25°C. 


::;the rated steady state thermal 
resistance 


TJ'; 150°C 


MTM/MTP10N12- 


MTM(MTP10~15 


For oIarious 
pulse 
widths 
and duty cycles. 
substitute 
RSJC(t) 
determined from Figures 11 and 12 for ReJc. 


The switching 
safe operating 
area (SOAI 
of Figure 
14, is the 
boundary 
that 
the 
load line 
may traverse 
without 
incurring 
damage to the MOSFET.The fundamental limits are the peak 
current. 10Mandthe breakdown voltage. V(BR)OSS.Theswitch- 
ing SOA 
shown 
in Figure 
14 is applicable 
for both turn-on 
and 


turn-off 
of the devices 
for switching 
times 
Jess than one micro- 


second. 


Switching 
Speed 
- 
The switching speeds of these devices are 
dependent on the driving impedance. Extremely fast switching 
speeds can be attained by driving the gate from a voltage 
source. 


Transfer 
Characteristics 
- 
The transfer characteristics are lin- 


ear at drain currents of 500 mA. (See Figure 6.) Linear ampli- 
fiers with high frequency response can be designed using this 
product. 


Gate 
Voltage 
Rating 
- 
Never exceed the gate voltage rating 
of ± 20 V. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 


Gate 
Termlnetlon 
- 
The gate of these devices are essentially 
capacitors. Circuits that leave the gate open-circuited or float- 
ing should be avoided. These conditions can result in 1urn-on 


of the devices due to voltage build-up on the input capacitor 
due to leakage currents or pickup. 


Gete Protection - 
These devices do not have an internal mon- 
olithic zener diode from gate to source. The addition of an 
internal zener diode may result in detrimental effects on the 
reliability of a power MOSFET. If gate protection is required, 
an external 
zener 
diode 
is recommended. 


Handling 
and Packaging 
- 
MOS ICsare susceptible to damage 
from electrostatic charge. Experience has shown that these 
devices are more rugged than MOS ICs. This is primarily due 
to the comparatively 
larger capacitances associated with 
power devices, however, reasonable precautions in handling 
and packaging MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET. a diode 
is formed 
across 
the source-to-drain 
terminals 
as shown 
in Figure 
15. Reversal 
of the drain 
voltage 
will 
cause 
current 
flow 
in the reverse 
di- 


rection. 
This diode 
may 
be used 
in circuits 
requiring 
external 
fast 
recovery 
diodes. 
therefore. 
typical 
characteristics 
of the 
on voltage, forward turn-on and reverse recovery times are 


given. 


Oscilloscope 
Channel 
A 


Inverted 


,,,, 


'- 
IRIRECI = 1.0 A Max 


Soft Recovery 


T1 


~ 


T2 


120 Vac 
II 
60 Hz 


1:1 


L1 


di/dt 
Adjust 
R1 = 50 Ohms 
R2 = 250 Ohms 
01 = 1N4723 
02 = 1N4001 
03 = 1N4933 
SCR1 = MCR729-10 


C1 = 0.5 to 50 "F 
C2 = 4000 
"F 
L1 = 1.0-27 
"H 


T1 = Variac Adjusts 
IIPK) and di/dt 


T2= 
1:1 
T3 = 1:1 (to trigger 
circuit) 


Current 
Viewing 
Resistor 
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Designer's Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for low voltage, high 
speed power switching 
applications such as switching 
regulators, 


converters, solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designers 
Data - 
IDSS, VDS(on) 
and SOA 
Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement. VG(th) = 4.5 Volts (max) 
o 
1r 
TMOS 


MTM12N05 
MTM12N06 
Rating 
Symbol 
MTP12N05 
MTP12N06 
Unit 


Drain - 
Source Voltage 
VOSS 
50 
60 
Vdc 


Drain - 
Gate Voltage 
VOGR 
50 
60 
Vdc 


IRGS = 1.0 Mill 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain 
Current 
Adc 
Continuous 
10 
12 
Pulsed 
10M 
30 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
Po 
Watts 
Dissipation 
@ TC = 25°C 
75 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 to 150 
°C 
Temperature 
Range 


Thermal 
Resistance 
ReJC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes, 
1IS- 


from 
case for 5 seconds 


Designer's 
Data for "Worst 
Case" 
Conditions 


The Designers 
Data Sheet 
permits 
the design 
of most circuits 
entirely 
from 
the 
information 
presented. 
Limit data - 
representing 
device characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" 
design. 


M[M12NOS,M[M12N06 
M[P12NOS,M[P12N06 


N-CHANNEL 
TMOS 
POWER FET 


A- 


~ 


::t-t 


L 
~I 


~ 
ED' 
~SEU"''''", 
_, 
1 


G 
0~_1 
ST"" 
~ 
• - --:.' 
11R 


PIN ~ 
~~~CE 
r 
r to 


CASE DRAIN 
U 
S 


USE CASE 
1-04 TO-3 
TYPE 
OUTLINE 


1 
7 


7 
1 
1.40 
1.11 
29.9030.40 
10.61 
11.18 
5.33 
16.64 
11.15 
D.61S 
11.181.19 
0.480 
3.81 
4.19 
16 


26.61 
1.050 


254 
305 
0.100 
0.120 


MTP12N05 
""11-S 


MTP12N06 
-j f 
C 
,-~--. 
D I 
T 


A 
L.J 


'I 
tu 
r- 
J~e- 
J ~-;=,.. L' 


...j \!-- R 
j'Lft' 
l 
-II-J 
0-1 I- 
G 


N 


STYLES: 


PIN 1. 
GATE 


2 
DRAIN 


3. 
SOURCE 


4. 
DRAIN 


DIM 


A 
I 
9.65 
C 
4.06 


o 
0.64 


F 
3.61 


G 
2.41 


H 
2.19 
J 
0.36 


k 
12.10 


l 
1.14 


N 
4.83 


Q 
2.54 


R 
2.04 


S 
1.14 


T 
5.91 


U 
0.16 
1. 


1.14 


ELECTRICAL 
CHARACTERISTICS 
(TC; 
25°C 
unless 
otherwise 
noted) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BR)OSS 
Vdc 
IVGS = 0, 10 = 5.0 mAl 
MTM 12N05/MTP12N05 
50 
- 
MTM1 2N06/MTP1 
2N06 
60 
- 


Zero Gate Voltage 
Drain Current 
lOSS 
mAdc 
IVoS 
= 0.85 
Rated VOSS, VGS = 0) 
- 
0.25 
TJ = 100°C 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
- 
500 
nAdc 
(VGS = 20 Vdc, VOS = 0) 


Gate Threshold 
Voltage 
VGSlth) 
Vdc 
(10 = 1.0 mA, VOS = 0) 
2.0 
4.5 
TJ= 
100°C 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS - 10 V) 
VOS(on) 
Vdc 
(10= 6.0 Adc) 
- 
1.2 
(10 = 12 Adc) 
- 
3.2 
(10 = 6.0 Adc, TJ = 100°C) 
- 
2.4 


Static 
Drain-Source 
On-Resistance 
rOS(on) 
- 
0.2 
Ohms 
(VGS = 10 Vdc, 10 = 6.0 Adc) 


Forward 
Transconductance 
gfs 
3.0 
- 
mhos 
(VOS; 
15 V, 10; 
6.0 A) 


DYNAMIC 
CHARACTERISTICS 


Input Capacita nee 


Output 
Capacitance 


Reverse Transfer 
Capacitance 


SWiTCHING 
CHARACTERISTICS' 
(TJ = 100°C) 


See Figure 9 


See Figure 
10 


SAFE 
OPERATING 
AREAS 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


Turn-On 
Delay Time 
!dlon) 
- 
60 
ns 


Rise Time 
IVoS; 
25 V, 10; 
6.0 A, 
tr 
- 
160 
ns 


Turn-Off 
Delay Time 
Rgen; 
50 ohms) 
tdloffl 
- 
80 
ns 


Fall Time 
tf 
- 
110 
ns 


Characteristic 
Symbol 
Typ 
Unit 


forward 
On-Voltage 
I 
IS; 
12 A 
VSO 
2.0 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
ton 
80 
ns 


Reverse 
Recovery 
Time 
I 
See Figures 
15 and 16 
trr 
700 
ns 


+-VGS; 
20 V 
I 
I 
TJ ; 25°C 
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Single Pulse II 
TC = 25°C 


The data of Fig ure 9 is based on TC = 25°C; 
TJ(pk) is a variable 
depending 
on the power 
level. The allowable 
current 
at the 


voltages 
shown 
in Figure 
9 
may 
be calculated 
for 
any 
case 
temperature 
with the aid of the following 
equation: 


where 


ID(Te) 
= the 
maximum 
allowable 
current 
at a case tem- 


perature. 
TC. 


IO(25°CI 
= the maximum 
allowable 
current at a given voltage 
from 
Figure 9. 
= the rated power 
dissipation 
at TC = 25°C. 
= the rated steady state thermal 
resistance 
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For various 
pulse 
widths 
and duty cycles. 
substitute 
R8JC(t) 
determined 
from 
Figures 
11 and 12 for ROJC. 


The switching 
safe operating 
area 
(SOA) 
of Figure 
10. is the 
boundary 
that 
the 
load line 
may traverse 
without 
incurring 
damage 
to the 
MOSFET. 
The fundamental 
limits 
are the 
peak 


current. 
10M and the breakdown 
voltage. 
V(BR)OSS. 
The switch- 
ing SOA 
shown 
in Figure 
10 is applicable 
for both turn-on 
and 
turn-off 
of the devices 
for switching 
times 
less than 
one micro- 
second. 
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Switching 
Speed 
- 
The switching speedsof these devices are 
dependent on the driving impedance. Extremely fast switching 
speeds can be attained by driving the gate from a voltage 
source. 


Transfer 
Characteristics 
- 
The transfer characteristics are lin- 
ear at drain currents 
of 3.0 Amps. 
(See Figure 
6.) Linear 
ampli· 


fiers with high frequency response can be designed using this 
product. 


Gate 
Voltage 
Retlng 
- 
Never exceed the gate voltage rating 
of ± 20 V. Exceeding the rated VGS can result in permanent 
damage to the oxide layer in the gate region. 


Gate 
Termination 
- 
The gate of these devices are essentially 
capacitors_Circuits that leave the gate open-circuited or float- 


ing should 
be avoided. 
These 
conditions 
can result 
ir:'turn-on 


of the devices due to voltage build-up on the input capacitor 
due to leakage currents or pickup. 


Gate Protection 
- 
Thesedevices do not have an internal mon- 
olithic zener diode from gate to source. The addition of an 
internal 
zener 
diode 
may 
result 
in detrimental 
effects 
on the 
reliability of a power MOSFET.If gate protection is required. 
an external 
zener 
diode 
is recommended. 


Handling 
and Packaging 
- 
MOSICsare susceptible to damage 
from electrostatic charge. Experience has shown that these 
devices are more rugged than MOS ICs.This is primarily 'due 
to the comparatively 
larger capacitances associated with 
power 
devices, 
however, 
reasonable 
precautions 
in handling 
and packaging MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET, a diode 
is formed 
across 
the source-to-drain 
terminals 
as shown 
in Figure 
15. Reversal 
of the drain 
voltage 
will 
cause 
current 
flow 
in the reverse 
di- 


rection. 
This diode 
may 
be used 
in circuits 
requiring 
external 
fast 
recovery 
diodes, 
therefore, 
typical 
characteristics 
of the 
on voltage, 
forward 
turn-on 
and 
reverse 
recovery 
times 
are 


given. 
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II 
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di/dt 
Adjust 
Al = 50 Ohms 
A2 = 250 Ohms 
01 = lN4723 
02 = 1N4001 
03 = 1N4933 
SCAI 
= MCA729-10 


Cl = 0.5 to 50 I'F 
C2 = 4000 
I'F 
Ll=I.D-27I'H 
T1 = Variac Adjusts 
I(pK) and di/dt 
T2= 
1:1 
T3 = 1:1 (to trigger 
circuit) 
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Viewing 
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Designer's 
Data Sheet 


N-CHANNEL ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 
N-CHANNEL TMOS 
POWER FET 
These TMOS Power FETs are designed for medium voltage, high 
speed power switching 
applications 
such as line operated switching 
regulators, 
converters, 
solenoid and relay drivers. 


• 
Silicon 
Gate for 
Fast Switching 
Speeds -- 
Switching 
Times 
Specified at 1aaoc 


• 
Designer's 
Data - 
lOSS, VDS(on), VGS(th) and SOA Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation 
Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive 
Loads 


J-~·1c 
r:C=~- 
~ 
··".:,_/t~·~_~_i 


--0 
o~'_~~ 
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ST~,';;,3 
GATE 
H 
- 
,.,-- 
~J 


2 
SOURCE 
u 
5 
CASE DRMN 
,r 
TMOS 


MTM12N08 
MTM12N10 
Rating 
Symbol 
MTP12N08 
MTP12N10 
Unit 


Drain - 
Source 
Voltage 
VOSS 
SO 
100 
Vdc 


Drain - 
Gate Voltage 
VOGR 
SO 
100 
Vdc 
IRGS; 1.0 mil 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain 
Current 
Adc 
Continuous 
10 
12 
Pulsed 
10M 
30 


Gate 
Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
Po 
75 
Watts 
Dissipation @ TC; 25°C 
Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ, Tstg 
-65 to 150 
°C 
Temperature 
Range 


,." 
11.1 
I 
11.1. 
12.19 
•••• •••• 
I 
'.1 
1 
1 
.1 
1. 
". 
,OS 
0.100 
.'20 


Thermal 
Resistance 
R8JC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering Purposes,1IS- 
from case for 5 seconds 


snus 
PIN 1 
GATE 


2 
DRAIN 
J. 
SOURCE 


4 
DRAIN 


Designer', Data for "Worst Cale" Condition. 


The 
Designer's 
Data 
Sheet 
permits 
the 
design 
of 
most 
circuits 
entirelv 
from 
the 
information 
presented. 
Limit data - 
representing 
device characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" 
design. 


ELECTRICAL 
CHARACTERISTICS 
(Tc; 
25°C unless Olherwise 
nOled) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BR)OSS 
Vdc 
(VGS ; 0, 10; 5.0 mAl 
MTM12NOB/MTP12NOB 
BO 
- 
MTM12N10/MTP12Nl0 
100 
- 


Zero Gate Voltage 
Drain 
Current 
lOSS 
mAde 
(VOs ; 0.B5 Raled VOSS, VGS ; 0) 
- 
0.25 
TC; 
100°C 
- 
2.5 


Gale-Body 
Leakage Currenl 
IGss 
- 
500 
nAdc 


(VGs; 
20 Vdc, VOs; 
0) 


Gale Threshold 
Voltage 
VGslth) 
Vdc 
(10; 
1.0 mA, VOs; 
VGs) 
2.0 
4.5 
TJ; 
100°C 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS ; 10 V) 
VOs(on) 
Vdc 


(10; 
6.0 Adc) 
- 
1.5 
(10; 
12 Adc) 
- 
3.0 
110; 6.0 Adc, TC; 
100°C) 
- 
2.5 


Static 
Drain-Source 
On-Resistance 
rOS(on) 
- 
0.25 
Ohms 


IVGs; 
10 Vdc, 10; 
6.0 Adc) 


Forward 
Transconductance 
gts 
3.0 
- 
mhos 
IVos; 
10 V, 10; 
6.0 Aj 


Input Capacita nee 
Ciss 
- 
1200 
pF 
IVos; 
25 V, VGS ; 0, I; 
1 MHz) 


Output 
Capacitance 
Coss 
- 
500 
pF 
IVos; 
25 V, VGs ; 0, I; 
1 MHz) 


Reverse 
Transfer 
Capacitance 
er5S 
- 
120 
pF 
IVos; 
25 V, VGS ; 0, I; 
1 MHz) 


Turn-On 
Delay Time 
Id(on) 
- 
50 
ns 
IVos; 
25 V, 10; 
6.0 A. Roen; 
50 ohms) 


Rise Time 
tr 
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150 
ns 
IVoS; 
25 V, 10; 6.0 A, Roen 50 ohms) 


Turn-Off 
Delay Time 
Id(off) 
- 
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ns 
(VOs; 
25 V, 10; 6.0 A, Roen; 
50 ohms) 


Fall Time 
II 
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ns 
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The data of Figure 
13 is based on Tc;; 25°C; 
TJ(pkl is a variable 
depending 
on the power 
level. The allowable 
current 
at the 
voltages shown 
in Figure 13 may be calculated 
for any case 
temperature 
with the aid of the following 
equation: 


lolTe) 
;IO(25°C) 
[,. 
TpCO':85Jo~J 


where 
lone) 
::::the maximum allowable current at a case tern· 


perature. 
TC. 


IO(25°C) 
:;:the maximum 
allowable 
current 
at a given voltage 
from Figure 
13. 
:::the rated power dissipation 
at Te :;:25°C. 
:;:the rated steady state thermal 
reSIstance 
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For various 
pulse 
widths 
and duty cycles. 
substitute 
.R8JC(t) 
determined 
from Figures 
11 and 12 for A6JC. 


The switching 
safe operating 
area (SOAl of Figure 
~4. is the 
bou ndary 
that 
the load Iine may traverse 
without 
incu rring 
damage 
to the 
MOSFET. 
The 
fundamental 
limits 
are 
the 
peak 


current. 
10M and the b.eakdown 
voltage. 
V(BR)OSS. 
The switch- 
ing SOA shown 
in Figure 
14 is applicable 
for both turn·on 
and 
turn-off 
of the devices for switching 
times 
less than one micro· 
second. 


Switching 
Speed 
- 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast sWitching 
speeds can be attained 
by driving 
the gate from a voltage source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 500 mA. (See Figure 6.) Linear ampli- 
fiers 
with 
high frequency 
response 
can be designed 
using 
this 
product. 


Gate 
Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the 
rated 
VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these 
devices are essentially 
capacitors. 
Circuits 
that leave the gate open·circuited 
or floating 
should 
be avoided. These conditions 
can result 
in turn·on 
of the 


Gate 
Protection 
- 
These 
cievices 
do not 
have 
an internal 
monolithic 
zener diode from 
gate to source. 
The addition 
of an 
internal 
zener 
diode 
may result 
in detrimental 
effects 
on the 


reliability 
of a power 
MOSFET. If gate protection 
is required, 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS 
ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged 
than 
MOS les. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices, 
however, 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should 
be observed. 
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1:1 


Rl ; 50 Ohms 
R2; 
250 Ohms 
01; 
1N4723 
02; 
1N4001 
03; 
1N4933 
SCRI ; MCR729-10 
Cl ; 0.5 to 50)'F 
C2; 4OOO)'F 
Ll; 1.0-27)'H 


T1 ; Variac Adjusts 
I(PK) and di/dl 
T2; 1:1 


T3; 
1:1 (to Iriggar 
circuit) 


Current 
Viewing 


Resistor 
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Designer's Data Sheet 


N-CHANNEl 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETsare designed for low voltage, high speed 
power 
switching 
applications 
such as switching 
regulators, 


converters, solenoid, relay drivers and motor drives. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at lOooC 


• 
Designers Data - 
lOSS, VDS(on), VGS(th) and SOA Specified at 
Elevated Temperature 


• 
Rugged - 
SOA is Powe, Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 
1r 
TMOS 


MTM15N05 
MTM15N06 
Rating 
Symbol 
MTP15N05 
MTP15N06 
Unit 


Drain - 
Source 
Voltage 
VOSS 
50 
60 
Vdc 


Drain - 
Gate Voltage 
VOGR 
50 
60 
Vdc 


(RGS = 1.0 MOl 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
10 
15 
Pulsed 
10M 
40 


Gate Current 
- 
Pulsed 
113M 
1.5 
Adc 


Total Power 
Po 
75 
Watts 
Dissipation 
@ TC;: 25°C 


Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 to 150 
°C 


Temperature 
Range 


Thermal 
Resistance 
ReJC 
1.67 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes, 
1IS" 


from case for 5 seconds 


The Designer's 
Data Sheet permits the design of most circuits 
entire/vfram 
the information 
presented. Limitcurves-representingboundaries 
on device 
characteristics-are 
given to facilitate 
"worst 
case" design. 


MTM1SNOS 
MTM1SN06 
MTP1SNOS 
MTP1SN06 


N-CHANNEL 
TMOS 


POWER 
FET 


MTM15N05, 
A L 


~ 
~,.tS#:"j' 


-0 
Q~_J 
R 


H 
, 
I 


ST~I~E 
1 
3 
GATE 
_ 
G I 


2 
SOURCE 
U 
5 


CASE ORAIN 


MILLIMETERS 
INCHES 
DIM 
MI' 
MAX 
MI' 
MAX 
A 
- 
• 
21. 


C 
1 
110 


D 
I 


0:05 .,,, 
'" 
1.11 
0.010 
f 
,9.9, 
30.40 
1.111 
1.191 


C 
10.61 
11.18 
0.420 ..., 


H 
'.3 
•• 
C.210 
0220 
J 
16.64 
11.15 
0.655 
0.615 


K 
11.1' 
12.19 
0.440 
0.480 


Q 
31 
'.1 
.1 
.1 
• 
2fi.6J 
150 


U ". 
305 
tJ.lOO 
0120 


MTP15N05 
MTP15N06 
o 


STYLES 


PIN 
1 
GATE 


2 
ORAIN 
3. 
SOURCE 


4 
DRAIN 


MILLIMETERS 


OIM 
MIll' 
MAX 
A 
1511 
1575 
8 
96510,29 
C 
4,06 
4112 


o 
0,64 
1l,89 


F 
361 
3,13 
G 
2.41 
261 


H 
219 
J30 


J 
036 
056 
I( 
121014.21 
l 
1.14 
121 


N 
4,83 
5,33 


Q 
254 
304 


R 
204 
219 
S 
1.14 
139 


T 
591 
648 


U 
016 
121 


V 
114 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless 
otherwise 
noted) 


Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BR)DSS 
Vdc 
(VGS = 0, ID = 5.0 mAl 
MTM15N05/MTP15N05 
50 
- 
MTM 15N06/MTP15N06 
60 
- 


Zero Gate Voltage 
Drain 
Current 
IDSS 
mAdc 
(VDS = 0.85 
Rated VDSS, VGS = 0) 
- 
025 
TJ = 100°C 
- 
2.5 


Gate~Body Leakage 
Current 
IGSS 
- 
500 
nAdc 
(VGS = 20 Vdc, VDS = 0) 


Gate Threshold 
Voltage 
VGS(th) 
Vdc 
(ID = 1.0 mA, VDS = VGS) 
2.0 
4.5 
TJ = 100°C 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS = 10 V) 
VDS(on) 
Vdc 
(lD = 7.5 Adc) 
- 
1.2 
(ID=15Adc) 
- 
2.9 
(ID = 7.5 Adc, TJ = 100°C) 
- 
2.4 


Static 
Drain-Source 
On-Resistance 
rDS(on) 
- 
0.16 
Ohms 
(VGS = 10 Vdc, ID = 7.5 Adc) 


Forward 
Transconductance 
9fs 
3.5 
- 
mhos 
(VDS = 15 V, ID = 7.5 A) 


SAFE 
OPERATING 
AREAS 


Forward 
Biased 
Safe Operating 
Area 


Switching 
Safe Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


See Figure 9 


See Figure 
10 


Turn-On 
Delay Time 
td(on) 
- 
50 
ns 


Rise Time 
(VDS = 25 V, ID = 7.5 A, 
tr· 
- 
150 
ns 


Turn-Off 
Delay Time 
Rgen = 50 ohms) 
td(off) 
- 
200 
ns 


Fall Time 
tf 
- 
100 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS - 15 A 
VSD 
1.5 
Vdc 


Forward 
Turry-On 
Time 
I 
VGS = 0 
ton 
250 
ns 


Reverse 
Recovery 
Time 
I 
See Figures 
15 and 16 
trr 
325 
ns 


.-- 
VGS = 20 Volts 
II 
_ 
~J=25IoC_ 
F=vGs= 
10V- 
f--VGS 
= 8.0 V- 


I 
1 
I 
I 
VGS = 7.0 V 


I 
I 
1 
_I 
VGS - 6.0 V 


I 
1 
1 
VGS - 5.0 V 


f 
16 


::>5. 
1 


12 


z 
8.0 
;:;c 
E 
4.0 


10 
20 
30 
40 


VOS. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 


g 
1.2 


::; 
<t 
~ 
1.1 
~ 


'" 
<t 
1.0 
Sc>cI 


0.90 


~ 0.80 
~ 


I 
.......... 


VOS = VGS 


~ 
10 = 1.0 mA 


~ 
~ 
I'-..... 


"'" 
t'--.. 


" 
"'" 
~ 
~ 
0.10 
> 
-50 


in 
0.20 
::>e 
~ 
I 
.J. 
I 
-VGS= 
10V 


TJ 1= 100JC 
---- 
- 
I 


TJ = 25°C 
--- 
I 


TJ = -55°C 
- 


~ 
0.16 
~ 
~ 
'-''":::> 
5l6 
008 
..,. 
z 
;:; 
c 
0.04 


8.0 
12 


10. DRAIN CURRENT (AMPS) 


20 


in 
16 


:lE5.~ 
12i 
13z 
8.0 
~ 
E 
4.0 


f fI-- VGS - 20 Volts 
I 
-' 
I _ ! 


/I 


VGS = 10 V - 
- 
VGS = 8.0 V - 
TJ - 25 
C_ 


/I 1/ 
1 
1 
'/ 
I 
-' 
VGS = 7.0 V 


/ 
I 
I 


VG~ - 6.0 
1 
V 


Ih 
II 
VGS - 5.0 V 


2~ 
~O 
LO 
80 


VOS. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 


24 


20 
'" 
<>. 
::> 
16 
5.~i 
12 


z 
;:; 
8.0 
c 
E 
4.0 


I 
I 
1/ A' 
I 


- 
VOS=10V 
/ 
/ 
I 
j., f- TJ = 25°C 


TJ = -55°C -I '/ 
I- 
I/ 
I 


'1/--e- TJ = 100°C 
I-- 
~ 
I 
~ 
J. 
-d: 


.2.0 
4.0 
6.0 
8.0 


VGS. GATE TO SOURCE VOLTAGE (VOLTS) 


TJ = 25°C 
- 
VGS = 0 V 
- 
f = 1.0 MHz 
\..\.......r-- 
Ciss 
'" 
I 
\ 


.........•... 


Coss 
""'- 
Crss 


~ 
1200 
;'!. 
i3 
:: 
800 
;"j 


<.S 


100 


~ 
::;;:'!. 
10 
>-I 
z~ 
10 
c 
E 


10 
." 
100 
~·s 
- 
e-- 
- 
--""" 


10 
ms 
, 
~ 
10 
ms 


de 
f- 
I 
I-- - - - - fOS(on) Limit 
f---- - 
- 
- 
Package 
Limit 
E 
Thermal 
limit 


~ 
VGS - 20 V. Single Pulse 
MTMlMTP15N05 
f- 
TC = 25°C 
MTM/MTP15N06 


I 
I 


3.0 
5.0 
10 
3D 
50 


VOS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


40 


Ui' 
3D 
:>i:'!. 


~ 
20 
Bz 
~ 
E 
10 


- 
TJ 115~oc 


MTM/MTP15N05 
I--- 


MTMlMTP15N06 


10 
20 
30 
40 
50 
60 


VOS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


The data of Figure 9 is based on Te= 25°C; TJ(pk) is a variable 
depending 
on the power level. The allowable 
current 
at the 
voltages 
shown 
in 
Figure 
9 may be calculated 
for 
any case 
temperature 
with the aid of the following 
equation: 


[ 
TC - 25 
0cJ 
= IO(25°Cj 
1 - --- 


Po ROJC 
where 


IDITe) 
= the maximum 
allowable 
current 
at a case tem- 
perature, 
TC. 
IO(25°CI 
= the maximum 
allowable 
current 
at a given voltage 
from 
Figure 9. 


= the rated power 
dissipation 
at TC ;; 25°C. 
= the rated steady state thermal 
resistance 
Po 


ROJC 


For various 
pulse widths 
and duty cycles, substitute 
ROJC(tl 
determined 
from 
Figures 
11 and 12 for ROJC. 


The switching 
safe operating 
area (SOA) of Figure 
10, is the 
bou ndary 
that the load line 
may traverse 
without 
i ncurri 
ng 
damage 
to the MOSFET. The fundamental 
limits 
are the peak 
current, 
10M and the breakdown 
voltage, V(BR)OSS. The switch- 
ing SOA shown 
in Figure 10 is applicable 
for both turn·on 
and 
turn·off 
of the devices for switching 
times less than one micro- 
second. 


~ 
0.5 
wz 
~ 
i5 0.3 
~;;; 
::t ~ 
0.2 
w~ 
c< 
~ 
~ 
0.1 
:Ow 
<x 
"' •... 
a:: 
••... 0.05 
oz 
zw 
:g ~ 
0.03 


~ 
0.02 


ROJcll1 
= rill 
ROJC 


ROJC = 1.67°C/W 
Max 
I I IIIII 
I 
o curves 
apply for power 


Pulse 
train 
shown 


Read time 
at It 


TJlpkl 
- TC = Plpkl 
ROJCII) 


10 


u 
07 
0 
0.5 
z 
05 
~~ 
0.3 


"'- 


02 
~o 
02 


01 


<w 
f--- 
::EO; 
"'~ 
w< 
0.1 
x::E 
•... '" 
~005 
•...0 
007 
zz 
~ 
- 
005 f--- 0 02 


g 
003 


~ 
- 
002 


001 .---n 


001 
0.02 


PlpklfJUl 
12~~ 


DUTY CYCLE, 0 -'1/12 


I 


ROJCIII 
= rill 
ROJC 


ROJC = 1.67°C/W 
Max 


o curves 
apply" for power 


Pulse 
train 
shown 


Read 
time 
at 11 


TJ(pkl 
TC - 
Plpkl 
ROJCIII 


20 
5.0 


I, TIME Im'l 


Switching 
Speed - 
The switching 
speeds of these devices are 


dependent 
on the driving 
impedance. 
Extremely 
fast switching 


speeds can be attained 
by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The tra nsfer characteristics 
are 
linear at drain currents 
of 3.0 Amps. (See Figure 6.) Linear ampli- 


fiers with 
high frequency 
response can be designed 
using this 
product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated VGS can result 
in permanent 


.damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


Gate 
Protection 
- 
These 
devices 
do not have an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however, 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET. a diode is formed 
across the 
source-to-drain 
terminals 
as shown 
in Figure 11. Reversal 
of the 
drain voltage will cJuse current 
flow in the reverse direction. 
This 


diode 
may be used in circuits 
requiring 
external 
fast 
recovery 


diodes. 
therefore. 
typical 
characteristics 
of the 
on voltage. 
forward 
turn-on 
and reverse 
recovery times 
are given. 


Oscilloscope 
Channel 
A 
Inverted 


- 
IRIREC) = 1.0 A Max 
Soft Recovery 


Rl 
= 50 Ohms 


R2 = 250 
Ohms 
01 = 1N4723 
02 = 1N4oo1 
03 = 1N4933 


SCR 1 = MCR729-1 
0 


C1 = 0.5 to 50 I'F 
C2 = 4000 
I'F 
Ll 
= 1.0-27 
I'H 


T1 = Variac 
Adjusts 
'IPK) and di/dt 
T2 = 1:1 


T3 = 1:1 (to trigger 
circuit) 
1:J 


T2 


120 Vac 
II 
60 Hz 


1:1 


Current 
Viewing 
Resistor 


® MOTOROLA 


N-CHANNEl 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage, high 
speed power switching applications such as line operated switching 
regulators, converters, and motor controls. 
. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designer's 
Data 
- 
lOSS, 
VDS(on) 
and 
SOA 
Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement, VG(th) = 4.5 Volts (max) 
lr 
TMOS 


Rating 
Symbol 
MTM15N35 
MTM15N40 
Unit 


Drain - 
Source 
Voltage 
VDSS 
350 
400 
Vdc 


Drain - 
Gate Voltage (RGS = 1 MO) 
VDGR 
350 
400 
Vdc 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
ID 
15 
Pulsed 
IDM 
70 


Gate 
Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
PD 
250 
Wans 


Dissipation 
@ TC:;: 25°C 


Derate 
above 25°C 
2.0 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 to 150 
°C 


Temperature 
Range 


Thermal 
Resistance 
ROJC 
0.5 
'c/w 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering 
Purposes. 
1/8" 


from case for 5 seconds 


Designer's 
Data for "Worst 
Case" 
Conditions 


The 
Designer's 
Data 
Sheet 
permits 
the 
design 
of most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit data - 
representing 
device characteristics 
boundaries 
- 
are 
given to facilitate 
"worst 
case" 
design. 


MTM1SN3S 
MTM1SN40 


N-CHANNEL 
TMOS 
POWER 
FET 


rOS(on) 
~ 0.4 
OHMS 


350 
and 400 
VOLTS 


MTM15N35 


MTM15N:IF~B 
c 


T." 
K 


SEATING 
0 
t 


PLANE 


STYLE 3: 


PIN 
1. GATE 


2. SOURCE 


CASE. 
DRAIN 


MILLIMETERS 
INCHES 
DIM 
MI' 
MAX 
MI' 
MAX 


A 
38.35 
39.37 
1.510 
1.550 


8 
19.30 
21.08 
0.760 
0.830 


C 
6.35 
7.62 
0.250 
0.300 


0 
1.45 
1.60 
0.051 
0.063 


E 
3.43 
0.135 
F 
29.90 
30.4lJ 
1.177 
1.197 


G 
10.67 
11.18 
0.420 
0.440 
H 
5.21 
5.12 
0.205 
0.225 
J 
16.64 
17.15 
0.55 
• 
11.18 
12.19 
0.440 
0.480 
0 
3.84 
4.09 
0.151 
0.161 
R 
24.89 
26.67 
0.980 
1.05lJ 


ELECTRICAL 
CHARACTERISTICS 
(Te = 25°e 
unless 
ot~erwise 
noted) 


I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(8R)OSS 
Vdc 
(VGS = 0, 10 = 5.0 mAl 
MTM15N35 
350 
- 


MTM15N40 
400 
- 


Zero Gate Voltage 
Drain 
Current 
lOSS 
mAde 
(VOS = 0.85 
Rated VOSS, VGS = 01 
- 
0.25 


TJ = 1000e 
- 
2.5 


Gate-Body 
Leakage 
Current 
IGSS 
500 
nAdc 
(VGS = 20 Vdc, VOS = 01 


liate 
rhreshold Voltage 
VGS(thl 
Vdc 
(10 = 1.0 mA, VOS = VGSI 
20 
4.5 


TJ = 1000e 
1.5 
4.0 


Orain-Source 
On-Voltage 
(VGS - 10 VI 
VOS(on) 
Vdc 


(10 = 7.5 Adcl 
- 
30 
(10= 15 Adc) 
- 
7.5 
(10 = 7.5 Adc, TJ = 1000el 
- 
55 


Static 
Drain-Source 
On-Resistance 
rOS(on) 
0.4 
Ohms 


(VGS = 10 Vdc, '0 = 7.5 Adc) 


Forward 
Transconductance 
9ls 
6.0 
- 
mhos 


(VOS = 15 V, 10 = 7.5 A) 


Input Capacitance 


Output Capacitance 


Reverse 
Transfer 
Capacitance 


See Figure 9 


See Figure 
10 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


Turn-On 
Delay TIme 
Id(on) 
- 
120 
ns 


Rise Time 
IVos= 
125 V,IO= 
7.5 A, 
tr 
300 
ns 


Turn·Off 
Delay Time 
Rgen = 50 ohms) 
Id(off) 
- 
400 
ns 


Fall Time 
If 
2"u 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS = 15 A 
VSO 
1.0 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
Ion 
175 
ns 


Reverse 
Recovery 
Time 
I 
See Figures 
14 and 15 
Irr 
600 
ns 


l::'-!-. 
I 


VGS ~20 
V. 10 v-:7.0 
v 
TJ = 25°C 


VGS ~ 6.0 V 


VGS = 5.0 V 


VGS J 4.0 V 


50 
100 
150 
200 


VOS. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 


g 
11 
~~ 
1.1 
~ 
'"« 
1.0 
S~ 


C> 


C> 
090 
~ 
i=~ 0.80 
;; 


I 
~ 
Vos 
~ VGS 
~ 
10 = 1.0 mA 


~ 
~ 
"'- 


--......... 


r----.. 


.•••.... 


'" 
:c 


~ 
0.70 
,. 
-50 


/' 


TJ=100°C V 
-f-f 
- 
25°C 


-55°C 
~ 


0;- 
~ 


~ 
0.4 
z« 
t;; 


~ 
0.3 


'-' 
'"~ 
0.2 
6.,. 
z 


~ 
0.1 


5.0 
10 
15 


10. ORAIN CURRENT (AMPS) 


/- 
T\ 


TJ - 25°C 
/ ./ 
VGS = 10 V. 10 V. 7.0 V 
I/, 
VGS _16.0 
V 
'1/,/" 


~ 


Y' 
- 
- 


1/ 
VGS = 5.0 V 
1",- 
VGS 14.0 V 


0;- 
~ 
:0- 
~ 
15 


'"'"13z 
10 
~ 
C> 
95.0 


4.0 
8.0 
12 
16 


VOS. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 


I 
/ / 


VOS = 10 V 
TJ = -55°C_ 
/ 
/ 


25°C- 
1~100°C 
/ 


I, 
!J 
I 
" 
/)1 
~ ~ 


~ 
:;; 
:0- 15 
~ 
~a 
10 
z 
~ 
95.0 


2] 
4] 
6] 
~O 


VGS. GATE TO SOURCE VOLTAGE (VOLTS) 


TJ = 25°C 


VGS = 0 


"- 


f = 1.0 MHz 


Ciss 


\ 
\ 
\. 
'" r-- 
Coss 
c 
rss 
•••.•.•. 


~ 
3000 
z;'! 


~ 2000 
;:\ 


<oS 


10 
20 
30 
40 


VOS. ORAIN·TO·SOURCE 
VOLTAGE (VOLTS) 


__ 
- Typical 'OS(on) limit 


-- 
-Package 
limit 
__ 
Thermal 
Limit 


TC; 
25°C 


VGS; 
20 V. Single Pulse 
MTM15N35 


MTM15N40 


4.0 
8.010 
20 
40 
80100 
200 


VOS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


The data of Figure 
9 is based 
on TC = 25°C; 
TJ(pk) is a variable 
depending 
on the 
power 
level. The allowable 
current 
at the 
voltages 
shown 
in 
Figure 
9 may be calculated 
for 
any case 
temperature 
with the aid of the following 
equation: 


where 
ID(Te) 
= the maximum 
allowable 
current 
at a case tern· 


perature, 
TC. 


ID(25°C) 
= the maximum 
allowable 
current 
at a given voltage 
from 
Figure 9. 
;: the rated power dissipation at TC ;: 25°C. 
;: the rated steady state thermal 
resistance 


TJ~150°C 
MTM15N35- 


MTM15~40 


~ 
::;; 60 
~ 


~ 
50 


B 
40 
z 
: 
30 
Q 


E2 20 


100 
200 
300 


VOS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


For various 
pulse widths 
and duty cycles. substitute 
R8JCUI 
determined 
from Figure 11 for R6JC 


The switching 
safe operating 
area (SOAj of Figure 10, is the 
bou ndary 
that 
the load line may traverse 
without 
i ncu rring 
damage to the MOSFET. The fundamental 
limits 
are the peak 
current, 
10M and the breakdown 
voltage, V(BR)OSS' The switch- 
ing SOA shown 
in Figure 10 is applicable 
for both turn-on 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second. 


= = 
0'.5 
R8JC(I) 
r(tl R8JC 
R8JC - 0.5°C/W 
Max 


o Curves Apply for Power 
O' 
.2 
Pulse Train Shown 
Read Time at IJ 


D' 
.1 
TJ(pkl- 
TC; 
P(pkl R8JClti 
- 


Single Pulse 
tJUl 
- 
III 
I 
12~~ 
III 
DUTY CYCLE. D • l1/t2 


In the fabricatIon 
of a TMOS 
FET. a diode is formed 
across the 


source-to-drain 
terminals 
as shown 
In FIgure 15. Reversal 
of the 
drain voltage will cause current 
flow In the reverse direction. 
This 


dIode 
may be used In circuits 
requiring 
external 
fast recovery 
diodes, 
therefore, 
typical 
characteristics 
of the on voltage, 


forward 
turn-on 
and reverse 
recovery 
times are given. 


OScilloscope 
Channel 
A 


Inverted 


,,,, 


'- 
IRIREC) = lOA 
Max 


Soft Recovery 


11 
1:) 


12 


120 Vac 
II 


60 Hz 


1:1 


R1 = 50 Ohms 
R2 = 250 Ohms 
D1 = 1N4723 
D2 = 1N4001 
D3 = 1N4933 
SCR 1 = MCR729- 
10 
C1 = 0.5 to 50 ~F 
C2 = 4000 
~F 


L1 = 1.0-27 
~H 


11 = Variac 
Adjusts 
IIPK) and di/dt 


T2 = 1:1 
T3 = 1:1 (to trigger 
circuit) 
Current 
v..iewing 


Resistor 


Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely fast switching 
speeds can be attained by driving the gate from a voltage source. 


Transfer 
Characteristics 
- 
The tra nster characteristics 
are 


linear at drain currents of 3.0 Amps. (See Figure 6.) Linear ampli- 
fiers with 
high frequency 
response can be designed 
using this 


,product. 


Gate Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the rated VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result in turn-on 
of the 


devices due to voltage 
build-up 
on the input 
capacitor 
due to 


leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have an internal 


monolithic 
zener diode from gate to source. The addition 
of an 


internal 
zener diode may result 
in detrimental 
effects 
on the 


reliability 
of a power MOSFET. If gate protection 
is required. 
an 


external zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 


from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices are more rugged than 
MOS ICs. This is primarily 
due 
to the comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however, 
reasonable 
precautions 
in handling 
and packaging MOS devices should be observed. 


@MOTOROLA 


Desi~IH'I"s 
Data Sheet 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETs are designed for high voltage, high 
speed power switching applications such as line operated switching 
regulators, converters, and motor controls. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 
Specified at 100°C 


• 
Designer's 
Data - 
lOSS, VDS(on) 
and SOA Specified 
at 


. Elevated TemperalUre 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement, VG(th) = 4.5 Volts (max) 
,r 
TMOS 


Rating 
Symbol 
MTM15N45 
MTM15N50 
Unit 


Drain 
- 
Source 
Voltage 
VOSS 
450 
500 
Vdc 


Drain 
- 
Gate Voltage 
VOGO 
450 
500 
Vdc 
lAGS = 1.0 Mil) 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Contin~ous 
10 
15 


Pulsed 
10M 
65 


Gate 
Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total Power 
Po 
Watts 
Dissipation 
@ TC = 25°C 
250 


Derate 
above 
25°C 
2.0 
W/oC 


Operating 
and Storage 
TJ' Tstg 
-65 
to 150 
°C 
Temperature 
Range 


Thermal 
Resistance 
A6JC 
0.5 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. 
for 
TL 
275 
°C 
Soldering 
Purposes, 
1IS'" 


from 
case for 5 seconds 


Designe,'. 
Data for "Worst Case" Conditions 


The Designer's 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the information 
presented. 
Limit curves-representing 
boundaries 
on device 
characteristics-are 
given to facilitate 
"worst 
case" design. 


MTM1SN4S 
MTM1SNSO 


N-CHANNEL 
TMOS 
POWER 
FET 


STYlE 
1· 


PtN 1. GATE 
2. SOURCE 
CASE. 
DRAIN 


MILLIMETERS 
INCHES 
DIM 
MI. 
MAX 
MI. 
MAX 


A 
31.35 
39.31 
1.510 
1.550 
• 
19.30 
21.08 
0.160 
0130 
C 
6.35 
7.62 
0.250 
0.300 
0 
•.• 5 
1.60 
0.051 
0063 


E 
- 
3.43 
0'35 
F 
29.90 
30.40 
1.177 
1.1 
G 
10.61 
11.1. 
0.420 
0.440 


H 
.21 
5- 
.25 
,. 
1.1 
K 
11.'. 
12.19 
0.440 
0.410 
Q 
3.84 
4.09 
0.151 
0.161 


A 
24. 
26.61 
0.910 
1.050 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C 
unless otherwise 
noted) 


I 
Cheraeteristie 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
V(BR)oSS 
Vde 
(VGS = O. 10 = 5.0 mAl 
MTM15N45 
450 
- 
MTM15N50 
500 
- 


Zero Gate Voltage 
Drain Current 
lOSS 
mAde 
(VoS = 0.85 
Raled VOSS. VGS = 0) 
- 
0.25 
TJ= 
100°C 
- 
2.5 


Gale-Body 
Leakage 
Currenl 
IGSS 
- 
500. 
nAdc 
(VGS = 20 Vdc. VoS = 0) 


Gale Threshold 
Vollage 
VGS(lh) 
Vde 
(10 = 1.0 mA. VoS = VGS) 
2.0 
4.5 
TJ = 100°C 
1.5 
4.0 


Drain-Source 
On-Voltage 
(VGS - 10 V) 
VoS(on) 
Vde 
(10 = 7.5 Ade) 
- 
3.75 
(10 = 15 Adc) 
- 
9.0 
(10 = 7.5 Adc. TJ = 100°C) 
- 
7.5 


Static Drain-Source 
On-Resistance 
rOS(on) 
- 
0.5 
Ohms 
(VGS = 10 Vdc. 10 = 7.5 Adc) 


Forward 
Transconductance 
9ls 
4.0 
- 
mhos 
(VOS = 15 V. 10 = 7.5 A) 


SAFE 
OPERATING 
AREAS 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse Transfer 
Capacitance 


See Figure 9 


See Figure 
10 


Turn-On 
Delay Time 
Id(on) 
- 
120 
ns 


Rise Time 
(VOS = 125 V. 10 = 7.5 A. 
tr 
- 
300 
ns 


Turn-Off 
Delay Time 
Rgen = 50 ohms) 
Id(oll) 
- 
400 
ns 


Fall Time 
II 
- 
240 
ns 


Char.cteri.tic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS= 
15 A 
VSo 
1.5 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
Ion 
t75 
ns 


Reverse 
Recovery Time 
I 
See Figures 
14 and 15 
Irr 
600 
ns 


VO~ ~ 
V. 


R~oul 


OUT 


25 


20 
'"... 
::<~ 
•... 
15iaz 
10 
~ 


Eo 
5.0 


f- 
VGS = 20 v 
T1- 
250~- 
10 V 


1.0 V 


VGS = 6.0 V 


VGS = 5.0 V 
I 
I 
VGS = 4.0 V 


50 
100 
150 
200 


VOS. DRAIN·TO·SOURCE VOLTAGE IVOLTS) 


FIGURE 
5 ~ 
GATE·THRESHOLO 
VOLTAGE 
VARIATION 
WITH TEMPERATURE 
(NORMALIZED) 
g 
1.2 


:;;: 


~ 
1.1 
~ 


I 
""'" 
VOS : VGS 


""" 
10 = 1 0 mA 


~ 
~ 
~ 
'" 
"'- 


"'- 


"" 
~ 
~ 
0.70 
> 
-50 


"' 
0.5 
~£ 
u 
0.4 
z 
~ 


~ 
0.3 


V 


TJ = 100°C -- 
...•• "...-'" 


TJ = 25°C 
-~ 


TJ = -55°C 
-- 
~ 
o 
"? 
0.2 
ez: 
o 
0.1 
tin 
!? 
0 
o 
10 
15 


'D. DRAIN CURRENT lAMPS) 


25 


"' 


20 
~~ 
•... 
15iaz 
10 
~ 
Eo 
5.0 


VGS= 
2DV~ 
'l'A" 
I 
I 
I 
/~ 


,4-VGS= 
10V 
TJ = 25°C- 
'- 
VGS = 1.0 V 
/// 
VGS = 6.0 V 


~/ 
/#. '/ 
f/ 
J 
VGS - 5.0 V 
£, 
.1 
! 
VGS = 4.0 V 


4.0 
8.0 
12 
16 


VDS. DRAIN·TO·SOURCE VOLTAGE IVOLTS) 


25 


"' 


20 
~~i 


15 


z 
10 
~ 
Eo 
5.0 


.1 
J 
II 
I 
-VDS=20V 
/ / 
TJ = -55°C_ 
/ 


25°C 
-, 
1If. 
100°C 
I V 
III 
I 
'I 
/) 
~ %/ 


2.0 
4.0 
6.0 
8.0 


VDS. DRAIN·TD·SOURCE VOLTAGE (VOLTS) 


TJ = 25°C 


\ 
VGS = 0 
"' 


f = 1.0 MHz 
I'-... 
Giss 


\ 
\ 
\. 
.........r-- 
Coss 


Crss' 


~ 3000 
z~ 


~ 2000 
~u 


10 
20 
30 
40 


VDS. DRAIN·TO·SOURCE VOLTAGE (VOLTS) 


- 
- 
- 
- 
- 
'oSlon} 
Limit 
- 
- - 
Pickage limit 


--- 
Thermal 
Limit 


TC = 25°C 


VGS = 20 V. Singl. 
Pul •• 


10 
100 


VOS. ORAIN·To·SOURCE 
VOLTAGE (VoLTSI 


100 


90 


~ 
80 


::;; 
70 
~i 


60 


13 
50 
z 
4lJ 
~ 
3D 
P 
20 


10 


MTM15N50 
- 
- 
TJ ';;150oC 
I 
-I 
I 
I 
MTM15N45 - 
I 
I 


1DO 
200 
300 
400 


VOS. ORAIN·TO·SOURCE VOLTAGE (VOLTSI 


The data of Figure 
9 is based on Tc:; 25°C; 
TJ(pk) is a variable 
depending 
on the power level. The allowable 
current 
at the 
voltages shown 
in Figure 9 may be calculated 
for any case 
temperature 
with 
the aid of the following 
equation: 


where 
'o(Te) 
::;the maximum 
allowable 
current 
at a case tem- 
perature, Te. 


IO(25°C) 
::;the maximum 
allowable 
current 
ata given voltage 
from Figure 9. 


:; the rated power dissipation 
at Te;; 25°C. 
::;the rated steady state thermal 
resistance 


For various 
pulse widths 
and duty cycles. substitute 
R6JC(t) 


determined 
from 
Figure 
11 for R8JC. 


The switching 
safe operating 
area (SOA) of Figure 
10, is the 
boundary 
that the load line 
may traverse 
without 
incurring 
damage 
to the MOSFET. The fundamental 
limits 
are the peak 


current. 
10M and the breakdown 
voltage. 
V(BR}OSS' 
The switch- 
ing SOA shown 
in Figure 10 is applicable 
for both turn-on 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second. 


f== 
O' 
.5 
m 
' 
, 
L. 
R'JCIII- 
rill 
R'JC 


R9JC • O.50CIW Max 
o CURVES 
APPLY 
fOR 
POWER 
O· 
.2 
PULSE TRAIN 
SHOWN 
READ TIME At !I 


O· 
.1 
- 
TJIOkl - T C • PI Ok} R'JCIII 


PIOkl 


...- 
Single Pulse 
tJUl 
--- 


..... 
III 
~~~ 
II 
III 
DUTY CYCLE. 
0 "!I!11 


Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving 
the gate from a voltage 
source. 


Transfer 
Characteristics 
- 
The transfer 
characteristics 
are 
linear at drain currents 
of 2.5 Amps. (See Figure 6.) Linear ampli· 


fiers with high frequency 
response 
can be designed 
using this 
product. 


Gate 
Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding the rated VGS can result 
in permanent 


damage to the oxide layer in the g8te region. 


Gate Termination 
- 
The g8te of these devices afe essentially 


capacitors. 
Circuits that leave the gate open-circuited 
or floating 
should be avoided. These conditions 
can result 
in turn-on 
of the 
devices 
due to voltage 
build-up 
on the 
input 
capacitor 
due to 
leakage currents 
or pickup. 


Gate 
Protection 
- 
These 
devices 
do not have 
an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more rugged 
than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however. 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should be observed. 


In the fabrication 
of a TMOS 
FET. a diode is formed 
across the 
source-to-drain 
terminals 
as shown 
in Figure 15. Reversal of the 
drain voltage will cause current flow in the reverse direction. 
This 


diode 
may be used in circuits 
requiring 
external 
fast recovery 
diodes, 
therefore, 
typical 
characteristics 
of the on voltage, 


forward 
turn-on 
and reverse 
recovery times are given. 


Oscilloscope 
Channel A 
Inverted 


,,,,, 
- 
IR(m'CI: 
1.0 A Max 


Soft Recovery 


R1 : 50 Ohms 
R2: 
250 Ohms 
01: 
1N4723 
02: 
1N4001 
03: 
1N4933 
SCR1 : MCR729-10 
C1 : 0.5 to 50 ~F 
C2: 
4000 ~F 
L1 = 1.0-27 ~H 


T1 = Variac Adjusts I(pK) and di/dt 
T2= 1:1 
T3 = 1:1 Ito trigger circuit) 


120V~C 
T 


I 


2 


1 
60 Hz 


1:1 


Current 
Viewing 


Resistor 


® MOTOROLA 
MTM814, MTM815 
MTP814, MTP815 


Designer's Data Sheet 


P-CHANNEL 
TMOS 
POWER 
FET 
P·CHANNEL ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EFFECT TRANSISTOR 


These TMOS Power FETsare designed for medium voltage, high 
speed power switching 
applications such as switching 
regulators, 


converters. solenoid and relay drivers. 


• 
Silicon 
Gate for Fast Switching 
Speeds - 
Switching 
Times 


Specified at 100°C 


• 
Designers 
Data - 
lOSS, 
VDS(on) 
and 
SOA Specified 
at 
Elevated Temperature 


• 
Rugged - 
SOA is Power Dissipation Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive Loads 


• 
Low Drive Requirement, VG(th) = 4.0 Volts (max) 


A 
-~--j 


L 
:- 
8 
1 r 
~ 
,~l 


• - '0 "'::rW'_·J:,,, 
":0 


1 
] 


STYLE 
3 
i 


PIN 
1 
GATE 
2 
SOURCE 
U 
S 


CASE QRAIN 
,r 
TMOS 


MilLIMETERS 
INCHES 


DI. .,. ."" .,. MAX 
•• 
1.01 
- 
'.130 
C 
7 
• 
.300 
• 
1 
1 
• 
••• 3 
, 
1.40 
1.11 , 
Ul10 
f 
29.90 
3D40 
1.117 
1.191 


G 
10.67 
11.18 
0.4211 •••• 
H 
5.33 
" 


C.21 
.lD 
J 
16.64 
11.15 
0.655 
0.615 


K 
11.11 
lU9 
0.440 
D.480 
1 
'.1 
.1 
.1 
• 
. 
26.61 
- 
1.050 


U 
1." 
3.05 
0.100 
0.120 
MTM814 
MTM815 
Rating 
Symbol 
MTP814 
MTP815 
Unit 


Drain - 
Source Voltage 
VOSS 
80 
100 
Vdc 


Drain - 
Gate Voltage 
VOGO 
80 
100 
Vdc 


Gate - 
Source 
Voltage 
VGS 
±20 
Vdc 


Drain Current 
Adc 
Continuous 
10 
8.0 
Pulsed 
10M 
20 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 
f---- 


Total Power 
Po 
75 
Watts 


DissipatIon 
@ TC = 25°C 


Derate above 25°C 
0.6 
W/oC 


Operating 
and Storage 
TJ,Tstg 
-65 to 150 
°C 


Temperature 
Range 


STYLES 


PIN 
1 
GATE 


2 
DRAIN 
J. 
SOURCE 


4 
DRAIN 


DIM 
MIN 
MAX 
A 
15,11 
15.15 
B 
9.6510,29 
C 
4.06 
U2 


o 
0.64 
O.B9 


f 
3.61 
J.7J 


G 
241 
267 


H 
2.19 
3.30 


J 
0.36 
0.56 
K 
12.1014.21 


L 
114 
1.21 


N 
U3 
533 


Q 
2.~ 
3.04 


R 
2.04 
2.79 
S 
1.14 
'.39 
T 
5,91 
6,48 


U 
0.76 
1.21 


V 
1.14 


Thermal 
Resistance 
ROJC 
1.67 
°C/W 


Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 


Solderi~g 
Purposes, 
1/8" 


from case for 5 seconds 


Designer's 
Data for "Worst 
Case" Conditions 


The 
Designer's 
Data Sheet 
permits 
the 
design 
of most 
circuits 
entirely 
from 
the 


information 
presented. 
Limit data - 
representing 
device characteristics 
boundaries 
- 
are 


given to facilitate 
"worst 
case" design. 


ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C 
unless 
otherwise 
noted I 


Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain·Source 
Breakdown 
Voltage 
V(BR)OSS 
Vde 


(VGS = 0.10 
= 5.0 mAl 
MTM814/MTP814 
80 
- 


MTM81 51 MTP815 
100 
- 


Zero Gate Voltage 
Drain 
Current 
lOSS 
mAde 
(VOS = 0.85 
BVOSS. VGS = 0) 
- 
0.25 
TJ= 
100°C 
- 
2.5 


Gate·Body 
Leakage 
Current 
IGSS 
- 
500 
nAdc 


IVGS = 20 Vdc. VOS = 0) 


Gate Threshold 
Voltage 
VGSl'hl 
1.5 
4.0 
Vdc 


(10 = 1.0 mA. VOS = VGS) 


Orain-Source 
On-Voltage 
IVGS - 10 V) 
VOS(on) 
Vdc 


(10 = 4.0 Adc) 
- 
1.6 


(10 = 8.0 Adc) 
- 
3.2 
(10 = 4.0 Adc. TJ = 100°C) 
- 
3.0 


Static 
Drain-Source 
On-Resistance 
rOSlon) 
- 
0.4 
Ohms 
(VGS = 10 Vdc. 10 = 4.0 Adc) 


Forward 
Transconductance 
gts 
2.0 
- 
mhos 


(VOS = 15 V. 10 = 4.0 AI 


SAFE 
OPERATING 
AREAS 


Forward 
Biased Safe Operating 
Area 


Switching 
Safe Operating 
Area 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


Turn·On 
Delay Time 
'dlon) 
- 
80 
ns 


Rise Time 
(VOS = 25 V. 10 = 4.0 A. 
tr 
150 
ns 


Turn-Off 
Delay Time 
Rgen = 50 ohms) 
'd(off) 
- 
200 
ns 


fall Time 
'f 
- 
150 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On· Voltage 
I 


IS = 8.0 A 
VSO 
1.3 
Vdc 


Forward 
Turn-On 
Time 
VGS = 0 
'on 
250 
ns 


Reverse 
Recovery 
Time 
See Figures 
17 and 18 
'rr 
325 
ns 


Pulse Generator 
r- -Rge; -:--j 
I 
I 
I 
I 
I 
: 
I 
I 
I 
I 
L 
...J 


V~O~ 
V 


R~out 


OUT 


15Vr/lov 
I 
9V 
'/ 
I 
TJ; 
25°C 


I 
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The data of Figure 
13 IS based on Tc:= 25°C. TJ(pk)IS a variable 
depending 
on the power level 
The allowable 
current 
at the 
voltages 
shown 
In Figure 
13 may be calculated 
for 
any case 


temperature 
with the aid of the following 
equation 


lolTCI 
= IO(25°q 
[1 
_ TC - 25 


0 
cJ 
Po 
RIIJC 
where 


lo(le) 
::;the maximum 
allowable 
current 
at a case tem- 


perature. Te- 


IO(25°C) 
::;the maximum 
allowable 
current 
at a given voltage 
from 
Figure 
13. 
::;the rated power diSSipation at TC = 25°C 
::;the rated steady state thermal resistance 


Po 


ROJC 


TJ <;;100°C 


MTMB14 =::!: 
MTM815~ 
MTP814 
MTP815 


For variOUS 
pulse widths 
and duty cycles. 
subslltute 
RfJJCII) 
determined 
from 
Figures 
11 and 12 for ROJC 


The sWitching 
safe operating 
area (SOAj of Figure 
14, IS the 
boundary 
that 
the load line 
may traverse 
without 
Incurring 
damage 
to the MOSFET_ The fundamental 
limits 
are the peak 


current, 
10M and the breakdown 
voltage, V(BRlOSS. The sWitch- 


Ing SOA shown 
In Figure 
14 IS applicable 
for both turn-on 
and 


turn-off 
of the deVices for sWitching 
times 
less than one micro- 
second 


Switching 
Speed 
- 
The sWitching 
speeds of these deVIces are 


dependent 
on the drlvmg 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving 
the gate from a voltage source 


Transfer 
Characteristics 
- 
The tra nster 
characteristics 
are 


linear 
at dram currents 
of 500 mA. (See Figure 6.) Linear ampli- 


fiers 
with 
high frequency 
response 
can be designed 
usmg this 
product. 


Gate 
Voltage 
Rating 
- 
Never 
exceed 
the gate voltage 
rating 
of ±20 
V. Exceeding 
the 
rated 
VGS can result 
In permanent 


damage to the oxide layer In the gate region. 


Gate Termination 
- 
The gate of these 
deVices are essentIally 
capacitors. 
Circuits 
that leave the gate open-circuited 
or floating 
should 
be avoided. 
These condItions 
can result 
In turn-on 
of the 


Gate 
Protection 
- 
These 
deVices 
do not have 
an internal 


monolithiC 
zener diode from 
gate to source. 
The addition 
of an 


Internal 
zener 
dIode 
may result 
In detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required. 
an 


external 
zener diode is recommended 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 


from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 


devices 
are "more rugged 
than 
MOS 
ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
deVices, 
however, 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should 
be observed 


In the fabricatIon 
of a TMOS 
FET, a dIode IS formed 
across the 


source-to-dram 
terminals 
as shown 
m Figure 15 
Reversal 
of the 
drain voltage will cause current 
flow in the reverse direction 
This 


dIOde may be used 
In circuits 
requiring 
external 
fast 
recovery 


diodes, 
therefore. 
typical 
characteristics 
of the 
on voltage. 


forward 
turn-on 
and reverse 
recovery 
times 
are given 
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R1 '" 50 Ohms 
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01 
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SCRI 
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CURRENT 


VIEWING 


RESISTO 
A 


® MOTOROLA 


N-CHANNEL 
ENHANCEMENT 
MODE SILICON GATE 
TMOS POWER FIELD EF,FECTTRANSISTOR 


These TMOS 
Power 
FETs are designed 
for 
low voltage. 
high 
speed power switching 
applications 
such as switching 
regulators. 


converters. 
solenoid and relay drivers. 


• 
Silicon 
Gate for 
Fast Switching 
Speeds 
- 
Switching 
Times 
Specified at 100°C 


• 
Designers 
Data - 
lOSS. VDS(on). VGS(th) and SOA Specified at 
Elevated Temperature 
' 


• 
Rugged - 
SOA is Power Dissipation 
Limited 


• 
Source 
to 
Drain 
Diode 
Characterized 
for 
Use 
With 
Inductive 
Loads,r 
TMOS 


Rating 
Symbol 
MTP5N06 
MTP5N06 
Unit 


Drain - 
Source 
Voltage 
VOSS 
50 
60 
Vdc 


Drain - 
Gate Voltage 
VoGR 
50 
60 
Vdc 
IRGS; 1.0 Mn) 


Gate - 
Source Voltage 
VGS 
±20 
Vdc 


Drain 
Current 
Adc 
Continuous 
10 
5.0 
Pulsed 
10M 
10 


Gate Current 
- 
Pulsed 
IGM 
1.5 
Adc 


Total 
Power 
Po 
50 
Watts 
Dissipation @ TC ; 25°C 
Derate above25°C 
0.4 
W/oC 


Operating 
and Storage 
TJ. Tstg 
-65 to 150 
°C 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Thermal 
Resistance 
ReJC 
2.5 
°C/W 
Junction 
to Case 


Maximum 
Lead Temp. for 
TL 
275 
°C 
Soldering Purposes. 1/8" 
from 
case for 5 seconds 


Designer'. Data for "Worst Cas." 
Condition. 


The Designers 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the 
information 
presented. 
Limitdata 
- 
representing 
device characteristics 
boundaries-are 
given to facilitate 
"worst 
case" 
design. 


MTPSNOS,MTPSN06 


N-CHANNEL TMOS 
POWER FET 


STYLE 
s" 


PIN 1. 
GATE 


2. 
DRAIN 


1. 
SOURCE 
•. 
DIIl"'N 


MILLIMETERS 
INCHES 


'M 
M'N 
M •• 
M'N 
M •• 
• 
15.11 
1 J 
D 


• .. 
10.29 


C 
'.M 
••.•2 
0.110 
0.110 


D 
D." 
0.11 
0025 
0-0]5 


f 
3.61 
3.73 
0.142 
0.147 


G 
" 


267 
Dl 


H 
2.1! 
3." 
0.110 
0.130 


J 
0.36 
D." 
0.014 
0022 
, 
12.10 
14.21 ".. 
0.512 


1 
1.1. 
1.27 
D • 
'" 
N 
4-13 
.33 
1 
D.l 
• 
2." 
3.04 
D.l 
0.120 


R 
2.04 
2.1, 
D.OIQ 
0.110 
• 
1.1. 
1.9 
T 
'" 
•..• 
0.235 
D2 


U 
0.16 
111 
D.DJQ 
D 
1.\4 
0.045 


ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C 
unless 
otherwise 
noted) 
I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Drain-Source 
Breakdown 
Voltage 
VIBR)DSS 
Vdc 


(VGS = O. 'D = 5.0 mAl 
MTP5N05 
50 
- 
MTP5N06 
60 
- 


Zero Gate Voltage 
Drain Current 
IDSS 
mAdc 
(VDS = 0.85 
Rated VDSS. 
VGS = 0) 
- 
0.25 
TJ = 100°C 
- 
25 


Gate-8ody 
Leakage 
Current 
IGSS 
- 
500 
nAdc 
(VGS = 20 Vdc. VDS = 0) 


Gate Threshold 
Voltage 
VGSlth) 
Vdc 
(ID = 1.0 mA. VDS = 0) 
2.0 
4.5 
TJ = 100°C 
1.5 
4.0 


Drain-Source 
On-Voltage 
IVGS = 10 V) 
VDS(on) 
Vdc 
(ID = 2.5 Adc) 
- 
1.5 
(ID = 5.0 Adc) 
- 
3.75 
(I D = 2.5 Adc. TJ = 100°C) 
- 
3.0 


Static 
Drain-Source 
On-Resists 
nee 
rDS(on) 
- 
0.6 
Ohms 
(VGS = 10 Vdc. 'D = 2.5 Adc) 


Forward 
Transconductance 
9ls 
0.75 
- 
mhos 
(VDS = 15 V. 'D = 2.5 A) 


DYNAMIC 
CHARACTERISTICS 


Input Capacitance 


Output 
Capacitance 


Reverse 
Transfer 
Capacitance 


SWITCHING 
CHARACTERISTICS' 
(TJ = 100°C) 


See Figure 10 


See Fig ure 11 


SAFE 
OPERATING 
AREAS 


Forward 
Biased 
Safe Operating 
Area 


Switching 
Safe Operating 
Area 


Turn-On 
Delay Time 
tdlonl 
- 
20 
ns 


Rise Time 
(VDS = 25 V. ID = 2.5 A. 
'tr 
- 
80 
ns 


Turn-Off 
Delay 
Time 
Rgen = 50 ohms) 
tdloll) 
- 
30 
ns 


Fall Time 
tl 
- 
30 
ns 


Characteristic 
Symbol 
Typ 
Unit 


Forward 
On-Voltage 
I 
IS = 5.0 A 
VSD 
1.9 
Vdc 


Forward 
Turn-On 
Time 
I 
VGS = 0 
ton 
150 
ns 


Reverse 
Recovery 
Time 
I 
See Figures 
15 and 
16 
trr 
250 
ns 


I 
I 
I 
TJ = 25°C 


VGS = 20 V 
I 
VGS = 10 V 


VGS = 9.0 V 
I 
I 
VGS - 8.0 V 


VGS ~ 7.0 V 


VGS = 6.0 V 


VGS = 5.0 V 
I 
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FIGURE 
5 - 
GATE-THRESHOLO 
VOLTAGE 
VARIATION 
WITH TEMPERATURE 
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" 
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rOSlon) Limit 
1.0 m, 


- 
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Package 
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Tilermallimit 
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- 
VGS; 
20 V 
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_Single 
Pulse 
I 


TC;25°C 
I 
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I I 


10 
60 


VOS. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


The data of Figure 
10 is based on Tc::; 25°C; TJ(pkl is a variable 
depending 
on the power 
level. The allowable 
current 
at the 
voltages 
shown 
in Figure 
10 may be calculated 
for any case 
temperature 
with the aid of the following 
equation: 


[ 
TC - 250C] 
lolTC) 
; lol25°q 
1 - Po R8JC 


where 


10(TC) 
::;the 
maximum 
allowable 
current 
at a case tem- 


perature. 
Tc- 


IO(25°C) 
=the maximum 
allowable 
current 
at a given voltage 
from 
Fig ure 10. 


Po 
::;the rated power dissipation 
at TC ::; 25°C. 


ROJC 
"= the rated steady 
state 
thermal 
resistance 


- 
f- TJ"; 
150~C 


MTP5N05- 
MTP5N06 


~ 
8.0 


:E~ 
!z 6.0 
~~ 
:::> 
u 
z 
4.0 
~ 
.9 
2.0 


For various 
pulse widths 
and duty cycles. 
substitute 
ROJC(tl 
determined 
from 
Figure 12 for ROJC. 


The switching 
safe operating 
area (SOA) of Figure 
11, is the 


boundary 
that 
the load line 
may traverse 
without 
incurring 
damage 
to the MOSFET. The fundamental 
limits 
are the peak 
current. 
10M and the breakdown 
voltage. 
VIBR)OSS. 
The switch- 
ing SOA shown 
in Figure 
11 is applicable 
for both turn·on 
and 
turn-off 
of the devices for switching 
times less than one micro- 
second. 
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Switching 
Speed - 
The switching 
speeds of these devices are 
dependent 
on the driving 
impedance. 
Extremely 
fast switching 
speeds can be attained 
by driving 
the gate from a voltage 
source. 


Transfer 
Characteristics 
- 
The tfa nster characteristics 
are 
linear 
at drain currents 
of 1.0 Amp. (See Figure 6.1 Linear ampli- 
fiers 
with 
high 
frequency 
response 
can be designed 
using this 
product. 


Gate 
Voltage 
Rating 
- 
Never exceed the gate voltage 
rating 
of ±20 
V. Exceeding 
the fated 
VGS can result 
in permanent 


damage to the oxide layer in the gate region. 


Gate Termination 
- 
The gate of these devices are essentially 
capacitors. 
Circuits 
that leave the gate open-circuited 
or floating 
should 
be avoided. These conditions 
can result in turn-on 
of the 


Gate 
Protection 
- 
These 
devices 
do not have 
an internal 
monolithic 
zener diode from gate to source. The addition 
of an 
internal 
zener 
diode 
may result 
in detrimental 
effects 
on the 
reliability 
of a power 
MOSFET. If gate protection 
is required. 
an 
external 
zener diode is recommended. 


Handling 
and Packaging 
- 
MOS ICs are susceptible 
to damage 
from 
electrostatic 
charge. 
Experience 
has shown 
that 
these 
devices 
are more 
rugged 
than 
MOS ICs. This is primarily 
due 
to the 
comparatively 
larger 
capacitances 
associated 
with 
power 
devices. 
however, 
reasonable 
precautions 
in handling 
and packaging 
MOS devices should 
be observed. 


In the fabrication 
of a TMOS 
FET. a diode 
is formed 
across 
the 


source-ta-drain 
terminals 
as shown 
in figure 
13. Reversal of the 
drain voltage will cause current flow in the reverse direction. 
This 


diode 
may be used in circuits 
requiring 
external 
fast 
recovery 
diodes. 
therefore, 
typical 
characteristics 
of the on voltage, 


forward 
turn-on 
and reverse 
recovery times 
are given. 
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Soft Recovery 
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R2 = 250 
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02 = lN4001 
03 = 1N4933 
SCR1 = MCR729-10 


C1 = 0.5 to 50 I'F 
C2 = 4000 I'F 
Ll 
= 1.0-27 
I'H 
T1 = Variac 
Adjusts 
IIPK) and di/dt 
T2= 
1:1 
T3 = 1: 1 (to trigger 
circuit) 
}:J 


T2 


120Vac 
II 
60 Hz 


1:1 


Current 
Viewing 
Resistor 


® MOTOROLA 


· .. designed for line operated 
audio output 
amplifier, 
Switchmode(1) 


power supply drivers and other 
switching 
applications. 


• 
250 V to 400 V (Min) 
- 
VCEO(sus) 


• 
1 A Rated Collector 
Current 


• 
Popular TO:220 
Plastic Package 


• 
TO·66 
Leadform 
Available 


Rating 
Symbol 
TIP47 I TIP48 I TIP49 I TIP50 
Unit 


Collector-Emitter 
Voltage 
VCEO 
250 
I 
300 
I 
350 
I 
400 
Vdc 


Collector-Base 
Voltage 
VCB 
350 
I 
400 
I 
450 
I 
500 
Vdc 


Emitter-Base Voltage 
VEB 
4 
5.0 
.- 
Vdc 


Collector Current 
Continuous 
IC 
4 
1.0 
.- 
Adc 


Peak 
4 
2.0 
.. 


Base Current 
IB 
4 
0.6 
.- 
Adc 


Total 
Power Dissipation 
Po 


@TC" 
25° C 
•• 
40 
.. 
Watts 


Derate 
above 
25° 
C 
4 
0.32 
.. 
w/oC 


Total 
Power Dissipation 
Po 


@TA" 
25° C 
4 
2.0 
.. 
Watts 


Derate 
above 25° 
C 
4 
0.016 
.. 
W/oC 


Unclamped 
I ndueting 
Load 
E 
4 
20 
.. 
mJ 


Energy 
(See 
Figure 
8) 


Operating and Storage Junction 
TJ,Tstg 
_-6510+150_ 
°c 


Temperature 
Range 


Characteristic 


Thermal Resistance. Junction to Case 


Thermal 
Resistance. 
Junction 
to Ambient 


~ 
•... 


~ 
3 
30 
za 
>=~ 
~ 
2 
20 
o 
'"~~ 
,fi 1 
10 


40 
60 
80 
100 
120 


TC. CASE TEMPERATURE lOCI 


TIP47 
TIP49 
TIP48 
TIP50 


POWER 
TRANSISTORS 
NPN SILICON 


=w 
s 
c 
,-EJ 


A 
. 


I 
fJ 
.--1 f-!.-R 
. -JI-J 


-101- 
LJ 
l/llf 


J SECT A-A 


d 
lJ-'-1t'~ 
o-ll-- 


N 
STYLE L 
PIN 1. 
BASE 
2. 
COLLECTOR 


3. 
EMITTER 
4. 
COLLECTOR 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
15.11 
15.75 
0.595 
0.620 
B 
9.65 
10.29 
0.380 
0.405 
C 
4.06 
4.82 
0.160 
0.190 


0 
0.64 
0.B9 
0.025 
0.035 
F 
3.61 
3.73 
0.142 
0.147 
G 
2.41 
2.67 
0.095 
0.105 
H 
2.79 
3.30 
0.110 
0.130 
J 
0.36 
0.56 
0.014 
0.022 
K 
12.70 
14.27 
0.500 
0.562 


L 
1.14 
1.27 
0.045 
0.050 
N 
4.B3 
5.33 
0.190 
0.210 
n 
2.54 
3.04 
0.100 
0.120 
R 
2.04 
2.79 
O.OBO 
0.110 
S 
1.14 
1.39 
0.045 
0.055 
T 
5.97 
6.48 
0.235 
0.255 
U 
0.76 
1.27 
0.030 
0.050 


V 
1.14 
0.045 


ELECTRICAL 
CHARACTERISTICS 
(TC = 25°C unless otherwise 
noted 1 


Characteristic 
I 
Symbol 


Collector·Emitter 
Sustaining Voltage (1) 
TIP47 
VCEO(susl 
250 
- 
Vde 
lIC = 30 mAde, IS = 01 
TIP48 
300 
- 


TIP49 
350 
- 


TIP50 
400 
- 


Collector Cutoff Current 
ICEO 
mAde 


(VCE = 150 Vde, IS = Ol 
TIP47 
- 
1.0 
(VCE = 200 Vde, IS = 0) 
TIP48 
- 
1.0 
(VCE = 250 Vde, IS = Ol 
TIP49 
- 
1.0 


(VCE = 300 Vde, IS = Ol 
TIP50 
- 
1.0 


Collector 
Cu toff Cu rrent 
ICES 
mAde 
(VCE = 350 Vde, VSE = 01 
TIP47 
- 
1.0 
(VCE = 400 Vde, VSE = 01 
TIP48 
- 
1.0 


(VCE = 450 Vde, VSE = 01 
TIP49 
- 
1.0 
(VCE = 500 Vde, VSE = 01 
TIP50 
- 
1.0 


Emitter Cutoff Current 
IESO 
- 
1.0 
mAde 
(VSE = 5.0 Vde, IC = 01 


DC Current Gain 
hFE 
- 


(IC = 0.3 Ade, VCE = 10 Vdel 
30 
150 


lIC = 1.0 Ade, VCE = 10 Vde) 
10 
- 


Collector-Emitter 
Saturation Voltage 
VCE(sat) 
- 
1.0 
Vde 
lIC = 1.0 Ade, IS = 0.2 Ade) 


Base-Emitter 
On Voltage 
VSE(on) 
- 
1.5 
Vde 
lIC = 1.0 Ade, VCE = 10 Vdcl 


Current 
Gain - 
Bandwidth 
Product 
IT 
10 
- 
MHz 


lIC = 0.2 Ade, VCE = 10.Vde, I = 2.0 MHzl 


Small-Signal 
Current 
Gain 
hIe 
25 
- 
- 
lIC = 0.2 Ade, VCE = 10 Vde, 1= 1.0 kHzl 


TJ'" 25° C t= 
VCC'2OOV 


....•.. 
t, 
IC/IB' 
5.0 
f-- 


...... 
/ 


td - 


TURN·ONPULSE 


A:i,R~AX 
VCC 


Vin 
0 
~ 
- 
--- 
Vin 


VEB(Off)---i 
f---11 
51 


APPROX 
--I 
t3 r-- 


+11 v 
1 
I 
t1 <.7.0 os 


I 
I 
I l00<t2<500", 
Vin-1- 
- _I_..!.- 
_ 
13<150s 


I 
I 
I 
I 
I 


---I 
12 r- 


TURN·OFFPULSE 


j 


~ 
0.1 


>= 


0005 


02 
- 


I 
I 
r-- -~ 
01 
P(pk,1t.JUl 


4JJC(t) 
"r(ll 
ROJe 
f-- 005 
ROJe" 
3.125° 
C/W Max 
o CURVES APPL Y FOR POWER 


f-- 
~:-~ 


PULSE TRAIN SHOWN 
002 
V 
READ TIME AT 11 


oat-:-:- 


.....•.... 
I 
t 
TJlpkl- 
Te" 
P(pk) 
ZOJC{t) 
~ 
DUTY 
CYCLE. 0 "11 
'2 
....-r 
SINGLE PULSE 
I 
I 
I i I If, 
I 
I 
I 
I 
I I I IIII 
I 
I 
I 
I I I II 
V 
I 
I 
I 


~ 
10 


~ 
07 


~ 
05 
az 
~ 
03 


~ 
02 


~ 
01 
;t 
007 


~ 
005 


~ 
003 


002 
j;i 
~ 


5.0 


2.0 


1.0 
] 
0.5 
" 
>= 


0.2 


0.1 


TJ ~ 25° e 
- 
~ 


Vee 
~ 200 V 


'eiIB 
~ 5.0 


...•..• 
---- 


'If 
./ 


./ 


There 
are 
two 
limitations 
on 
the 
power 
handlmg 
ability 
of 
a 


tranSistor 
average 
lunctlon 
temperature 
and 
second 
breakdown. 


Safe 
operating 
area 
curves 
Indlcate 
IC-VCE 
limits 
of the transistor 


that 
must be observed for reliable operatton; 
i.e., the transistor 
must 
not be subjected 
to greater 
diSSipation 
than 
the curves 
Indicate. 
The data of FIgure 5 IS based on TJ(pk) 
= 150°C; TC is variable 


depending on conditions. 
Second breakdown pulse limits are valid 


for 
duty 
cycles 
to 
10% provided 
T J(pkl 
~ 
150°C. 
T J(pk) 
may 
be 


calculated 
from 
the 
data 
In 
Figure 
4. 
At 
high 
case temperatures. 


thermal 
limitations 
will 
reduce 
the 
power 
that 
can 
be handled 
to 


values 
less 
than 
tbe 
limitations 
Imposed 
by 
second 
breakdown. 


+4.5 


if 
:> 
+3.5 
.s~~ +2.5 
z 
wui 


+1.5 


w 
+0.5 
'"=> 
0 
~ 
~ 


-0.5 


§ 
-1.5 


i 


I I 


APPLIES FOR 'e"B < hfE/5 


I 


- 
- 
I 
I 
I 


-eve 
FOR VeElsal) 


+!50I 


C It' jljOj7L 


1 
I 
-550 C to +250 C 


1 
1 
I 


_" 
JI 
+250elo+150pe~ 


0VB FOR VBE 
...l-1'" 
'-H-" 


I 
1 
II 
I I -55°C 
10 +25° e- 


Vcc:20V 


IC Monitor 


200 


100 


z 
60 
;;' 
"' 


40 
0- 
Z 
'" 
20 
'" 
=>uu 
0 
10 


~ 6.0 


4.0 


VIC~~~OV 


=TJ~ 
150°C 


25° C 


I 
-550 C 
~ 


I 
, 
tw::::::::3ms 


----i 
r--- 
(SeeNote Al 


, 
0 V' 
I 


Input 
'I 
~ 
I 


Voltage 
__ LJ 
LJ 


-SV--: 
i 
I 
i 
:--r-100ms~ 
: 


COllect~~63 
A_~:, 
,,---------""1,,-- 
"--- 


Current 
o V 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
VCER 
--~-- 
I 
l 
~- 
__ 
' 
I 


I 
, 
, 
, 


, 
I 
, 
, 
, 
, 


10 V 
I 
I 


VCE(sat)-- 


1.4 


1.2 


~ 


1.0 


0 
0.8 
~ 
w 
"'~ 0.6 


0> 
>' 0.4 


0.2 


/' 
~ 
,/ 


VBElsa,)@IC/'B 
5.0 


VBElo")@ 
VCE ~ 4 V 


1 


TJ ~ 25° C 


1- 
,/ 


VCElsatl@ 
ICIIB ~ 5.0 V 


I 


@.MOTOROLA 


COMPLEMENTARY 
MEDIUM-POWER 
HIGH VOLTAGE 
POWER TRANSISTORS 


. designed for high-speed switching and linear amplifier 
applica· 
tions 
for 
high-voltage 
operational 
amplifiers, 
switching 
regulators, 
converters, 
inverters, deflection 
stages and high fidelity 
amplifiers. 


• 
Collector-Emitter 
Sustaining Voltage - 


VCEO(sus) = 175 to 300 Vdc 
@ IC = 200 mAdc 


• 
Second Breakdown Collector 
Current - 


Islb = 350 mAdc 
@ VCE = 100 Vdc - 
NPN 


= 150 mAdc @ VCE = 100 Vdc - PNP 


• 
Usable DC Current Gain to 2.0 Adc 


, 


"MAXIMUM 
RATINGS 


2N3583 
2N3584 
2N3585 
2N4240 
Rating 
Symbol 
2N6420 
2N6421 
2N6422 
2N6423 
Unit 


COllector-Emitter 
Voltage 
VCEO 
175 
250 
300 
300 
Vdc 


Collector-Base 
Voltage 
VOB 
250 
375 
500 
500 
Vdc 


Emitter-Base 
Voltage 
VE8 
6.0 
Vdc 


Collector 
Cu rrent 
Continuous 
IC 
1.0 
2.0 
. 
Adc 


Peak 
5.0 
. 
5.0 
. 


Base Current 
IB 
. 
1.0 
. 
Adc 


Total 
Power Dissipation 
PD 
Watts 
@TC=250C, 
. 
35 
. 


Derate 
above 
25°C 
. 
0.2 
. 
W/oC 


Operating 
and Storage Junc- 
TJ,Tstg 
. 
-65 to +200 
. 
°c 
tion Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
r 
Symbol T 
Max 
I 
Unit 


Thermal 
Resistance, 
Jun~tion to Case 
T 
ROJC T 
5.0 
I 


°CIW 


• Indicates 
JEOEC 
Registered 
Data 


NPN 


2N3583 
thru 2N3585, 2N4240 


PNP 
2N6420 thru 2N6423 


1.0 AND 
2.0 AMPERE 


POWER TRANSISTORS 
COMPLEMENTARY 
SILICON 


STnE 
I 


PIN 
1 
BASE 


2 EMITTER 


CASE 
COLLECTOR 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


8 
11.94 
12.70 
0.470 
0.500 
C 
6.35 
8.64 
0.150 
0.340 


0 
0.71 
0.86 
0.018 
0.034 


E 
1.17 
1.91 
0.050 
0.075 


F 
14.33 
14.43 
0.958 
0.961 


G 
4.83 
5.33 
0.190 
0.110 


H 
1.41 
1.67 
0.095 
0.105 
J 
14.48 
14.99 
0.570 
0.590 


K 
9.14 
0.360 


P 
- 
1.17 
- 
0.050 
a 
3.61 
3.86 
0.141 
0.151 
S 
.8.89 
0.350 


T 
- 
3.6B 
0.145 


U 
- 
15.75 
- 
0.610 


Collector-Emitter 
Sustaining Voltage 
2N3583 
2N6420 
VCEO(susl 
175 
- 
175 
- 
Vde 


IIC = 200 mAde, 
IB = O} NPN 
2N3584 
2N6421 
250 
- 
250 
- 


2N35B5 
2N6422 
300 
- 
300 
- 


lIc = 50 mAde,lB 
= O} PNP 
2N4240 
2N6423 
300 
- 
300 
- 


Collector Cutoff Current 
ICED 
mAdc 
IVCE = 150 Vde, IB = O} 
2N3583 
2N6420 
- 
10 
- 
10 
2N35B4 
2N6421 
- 
5.0 
- 
5.0 
2N3585 
2N6422 
- 
5.0 
- 
5.0 
2N4240 
2N6423 
- 
5.0 
- 
5.0 


Collector Cutoff Current 
ICE X 
mAdc 


(VCE = 225 Vde, VBE(offi 
= 1.5 Vdel 
2N3583 
2N6420 
- 
1.0 
- 
1.0 


(VCE = 340 Vde, VBE(off) 
= 1.5 Vde} 
2N3584 
2N6421 
- 
1.0 
- 
1.0 


IVCE = 450 Vde, V8E(offi 
= 1.5 Vdel 
2N3585 
2N6422 
- 
1.0 
- 
1.0 
2N4240 
2N6423 
- 
2.0 
- 
2.0 


IVCE 
= 225 Vde, VBEloff} 
= 1.5 Vde, TC = 150°C} 
2N3583 
2N6420 
- 
3.0 
- 
3.0 


IVCE = 300 Vde, VBEloff} 
= 1.5 Vde, TC = 150°C} 
2N3584 
2N6421 
- 
3.0 
- 
3.0 


2N3585 
2N6422 
- 
3.0 
- 
3.0 


2N4240 
2N6423 
- 
5.0 
- 
5.0 


Emitter Cutoff Current 
lEBO 
mAde 


IVBE = 6.0 Vde, IC = 01 
2N3583 
2N6420 
- 
5.0 
- 
5.0 


'2N3584 
2N6421 
- 
0.5 
- 
0.5 
2N3585 
2N6422 
- 
0.5 
- 
0.5 


2N4240 
2N6423 
- 
0.5 
- 
0.5 


DC Current Gain 
hFE 
- 


lIc = 0.1 Ade, VCE = 10 Vdel 
2N3583· 
2N6420 
40 
- 
40 
- 


2N3584 
2N6421 
40 
- 
40 
- 


2N3585 
2N6422 
40 
- 
40 
- 


2N4240 
2N6423 
40 
- 
40 
- 


·IIC 
= 0.5 Ade, VCE - 10 Vdcl 
2N3583 
2N6420 
40 
200 
40 
200 


·IIC 
= 0.75 Ade, VCE = 2.0 Vdel 
2N4240 
2N6423 
10 
100 
10 
100 


IIC = 0.75 Ade. VCE = 10 Vdel 
2N4240 
2N6423 
30 
150 
30 
150 
I 


·(IC 
= 1.0 Ade, VCE = 2.0 Vdel 
2N3584 
2N6421 
8.0 
80 
8.0 
80 


I 


2N3585 
2N6422 
8.0 
80 
8.0 
80 
lIc - 1.0 Ade. VCE = 10 Vdel 
2N3583· 
2N6420 
10 
- 
10 
- 


2N3584 
2N6421 
25 
100 
25 
100 
2N3585 
2N6422 
25 
100 
25 
100 


·Colleetor-Emitter 
Saturation Voltage 
VCElsat) 
Vde 
lIc = 0.75 Ade, IB = 75 mAdel 
2N4240 
2N6423 
- 
1.0 
- 
1.0 
lIc = 1.0 Ade. IB = 125 mAde) 
2N3583 
2N6420 
- 
5.0 
- 
5.0 
2N3584 
2N6421 
- 
0.75 
- 
0.75 
I 
2N3585 
2N6422 
- 
0.75 
- 
0.75 


·Base·Emitter 
Saturation Voltage 
VBElsati 
Vde 
lIc = 0.75 Ade, IB = 75 mAde) 
2N4240 
2N6423 
- 
1.8 
- 
1.8 
lIc = 1.0 Ade, IB = 100 mAdcl 
2N3584 
2N6421 
- 
1.4 
- 
1.4 
2N3585 
2N6422 
- 
1.4 
- 
1.4 
-Base-Emitter On Voltage 
VBElonl 
Vde 
lIc = 1.0 Ade, vCE = 10 Vde} 
2N3583 
2N6420 
- 
1.4 
- 
1.4 


2N3584 
2N6421 
- 
1.4 
- 
1.4 


2N3585 
2N6422 
- 
1.4 
- 
1.4 


2N4240 
2N6423 
- 
1.4 
- 
1.4 


2N3583 thru 2N3585. 
2N4240 - NPN 


2N6420 thru 2N6423 - PNP 


·Current 
Gain - 
Bandwidth PrOduct( 1) 
fT 
MHz 


(lC = 200 mAde, 
VCE = 10 Vde, ftest 
= 5.0 MHz) 
2N3583 
2N6420 
10 
- 
10 
- 
2N3584 
2N6421 


2N3585 
2N6422 


2N4240 
2N6423 
15 
- 
15 
- 


Output 
Capacitance 
Cob 
pF 


(VCB 
= 10 Vde, 
IE = 0, f = 1.0 MHz) 
All 
- 
120 
- 
120 


·Small-Signal 
Current Gain 
hfe 
- 


(lC = 100 mAde, 
VCE = 30 Vde, f = 1.0 kHz) 
2N3583 
2N6420 
25 
350 
25 
350 


I Rise Time 
tr 
'" 


I 


(VCC 
= 200 Vde, 
IC = 1.0 Ade, 
RL 
= 200 Ohms, 
2N3584 
2N6421 
- 
3.0 
- 
3.0 
IBl 
= 100 mAde) 
2N3585 
2N6422 
(VCC 
= 200 Vde, 
IC = 0.75 
Ade, 
RL 
= 267 Ohms, 
2N4240 
2N6423 
- 
0.5 
- 
0.5 
IBl 
=75mAdel 
-----_ .. 


Storage 
Time 
ts 
'" 
IVCC 
= 200 Vde, 
IC = 1.0 Ade, 
2N3584 
2N6421 
- 
4.0 
- 
4.0 
IBl 
= IB2 = 100 mAde) 
2N3585 
2N6422 
IVCC 
= 200 Vde, 
'C = 0.75 
Ade, 
2N4240 
2N6423 
- 
6.0 
- 
6.0 
IB 1 = IB2 = 75 mAde) 


Fall Time 
tf 
'" 
(VCC 
= 200 Vde, 
IC = 1.0 Ade, 
2N3584 
2N6421 
- 
3.0 
- 
3.0 
L'W 'W 'OOm'~' 


2N3585 
2N6422 
(VCC 
= 200 Vde, 
IC = 0.75 Ade, 
2N4240 
2N6423 
- 
3.0 
- 
3.0 


IBl 
= IB2 = 75 mAde) 


---- 
·----------------------G 


I 
i Second 
Breakdown 
Collector 
Current 


. 
(VCE 
= 100 Vde) 
All 


·Indicates 
JEDEC 
Registered 
Data 


(11fT = Ihfel- 
ftest. 


--I 
I'-- 25 "' 


V, 
+~I~~ 
_ 


V2 


-9.0 V 


-4 V 


RBandRCVARIED TO OBTAINOESIREOCURRENTLEVELS 
o I MUSTBE FASTRECOVERYTYPE,09: 


MB05300USEOABOVE 'B ~ 100mA 
MS06'OOUSEOBELOWIB ~ 100mA 


FORtd andtr, O"S OISCONNECTEOANO V2 = O. 
FORPNPTESTCIRCUIT,REVERSEOIOOEAND VOLTAGEPOLARITIES. 


2N3583 
thru 
2N3585 
• 2N4240 
- 
NPN 
2N6420 
thru 
2N6423 
- 
PNP - 


NPN 
2N3583 
thru 2N3585,2N4240 


FIGURE 
2 - 
TURN-DN 
TIME 
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FIGURE 
3 - 
TURN-OFF 
TIME 
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IC. COLLECTOR 
CURRENT (mAl 
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IC. COLLECTOR 
CURRENT (mAl 


FIGURE 
4 - 
CURRENT,GAIN 
- 
BANDWIDTH 
PRODUCT 
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There are two limitations on the power handling ability of a 
transistor: 
averagejunction 
temperature and second breakdown. 


Safe operating area curves indicate IC-VCE limits of the transistor 
that must be observed for rei iable operation; 
i.e.• the transistor 
must 
not 
be subjected 
to greater 
dissipation 
than 
the 
curves 
indicate. 


The data of 
Figures 7 and 8 is based on TC = 2SoC; TJ(pkl 
is variable depending on power level. 
Second breakdown 
putse 
limits are valid for duty 
cycles to 
10% but must be derated for 
temperature according to Figure 9. 


TJ(pk) 
may be calculated from the data in Figure 6. 
At high 


case temperatures, thermal limitations 
wilt reduce the power that 
can be handled 
to values less than 
the limitations 
imposed by 
second breakdown. 
Second breakdown 
limitations 
do not derate 
the same as thermal limitations. 
AtlOtNablecurrent at the voltages 
shown on Figures 7 and 8 may be found at any casetemperature 
by using the appropriate curve on Figure 9. 
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@ MOTOROLA 


fast 
switching 
speeds and high current 
capacity 
ideally 
suit 
these parts for use in switching regulators, inverters, wideband 
amplifiers 
and power oscillators 
in industrial 
and commercial 
applications. 


• 
High speed TF max. = 0.5!-ts 


• 
Low saturation VCE(sat) = 1.0 V (max.) @Ic 
12 A 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEO(sus) 
90 
Vdc 


Collector-Base Voltage 
VCBO 
150 
Vdc 


Emitter-Base Voltage 
VEBO 
7 
Vdc 


Coliector·Emitter 
Voltage 
IVBE = -1.5 
VI 
VCEX 
150 
Vdc 


Collector-Current 
- continuous 
IC 
20 
Adc 
- 
peak lpw';;; 
10 ms) 
'CM 
30 
Apk 


Base-Current continuous 
IB 
5 
Adc 


Total Power Dissipation @TC==2SoC 
PD 
140 
Watts 


Operating and Storage Junction 
TJ,Tstg 
°c 
Temperature 
Range 
-65 
to 200 


Characteristic 


Thermal 
Resistance, 
Junction 
to Case 


"'" 


I~ 


"'" 
"'- 


....... 


......•..• 


"'" 
"'- 


2N5038 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


L i=':j==t 
r~K 


ESEATlN(~ 
I 
PLANE 


STYLE 
1: 


PIN 1. BASE 


2. EMITTER 


CASE·COLLECTOR 


MilliMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


B 
22.23 
0.875 


C 
6.35 
11.43 
0,250 
0.450 


D 
0.97 
1.09 
0.038 
0.043 


E 
3.43 
0.135 


f 
29.90 
30.40 
1.177 
1.191 


G 
10.67 
11.18 
0420 
0.440 


H 
5.21 
5.]2 
0105 
0.225 


J 
16.64 
17.15 
0.655 
0.675 


K 
7.92 
0.312 


Q 
3.84 
4.09 
0.151 
0.161 


S 
13.34 
0.525 


T 
4.78 
0.188 


Colleetor·Emitter 
Sustaining Voltage 
Vde 
(lC= 
200 mA, IB = 0, l = 15 mHI 
VCEO(.u.) 
90 
(lC= 
200 mA, VBE = -1.5 
V, RBE = loo11"l 
= 2 mHI 
VCEX(.u.1 
150 
(lC= 
200 mA, RBE = 5011, 
L = 15 mH) 
VCER(.u.) 
110 


Collector 
Cutoff 
Current at Reverse Bias: 
ICEX 
mAde 
(VCE = 
140 V, VBE =-1.5 
V) 
50 
(VCE = 
100 V, VBE =-1.5 
V, TC = 1500C) 
10 


Collector-Emitter 
Cutoff 
Current 
ICEO 
mAdc 
(VCE = 70 VI 
20 


Emitter·Base 
R~erse 
Voltage 
VEBO 
V 
(IE = 50 mAl 
7.0 


Emitter·Cutoff 
Current 
lEBO 
mAdc 
(VE9 = 5 V) 
5.0 


Second Breakdown 
Collector 
Current 
with Base Forward 
Biased 
ISlb 
Ade 
(VCE= 
28V,t=I.1 
5 
(VCE=45V,t=I.1 
0.9 


Second Breakdown 
Energy 
ES/b 
mj 
(VBE = 4 V, RBE = 20 11) 
13 
(Ie = 12 A, L = lBOf,LH) 


DC Current 
Gain 
hFE 
- 
(lC = 
2 Ade, VCE = 5 V) 
50 
250 
(lC =12Ade, 
VCE =5V) 
20 
100 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vde 
IIC =12 Ade, IB = 1.2 Al 
1.0 


(lC =20 Ade, IB =5 A) 
2.5 


Base-Emitter 
Saturation 
Voltage 
VBEI •• t) 
Vde 
(I C = 20 Ade, IB = 5 A) 
3.3 


Forward 
Current Transfert 
Ratio 
I hFE I 
(VCE = 
10 V, IC = 2 A, f = 5 MHzl 
12 
- 


Outp,:,t Capacitance 
pF 
(VCB=10V,F= 
1 MHz) 
- 
300 


Rise Time 
tr 
- 
0.5 
f,L. 


Storage Time 
(VCC = 
30 Vde, IC = 12 A, 
1.5 
IBI = 1.2 A, IB2 = 1.2 AI 
t. 
- 


Fall Time 
tf 
- 
0.5 


100 
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There 
are two 
limitations 
on the power 
handling 
ability 
of a 
transistor: 
average junction 
temperature 
and second 
break· 


down. 
Safe operating 
area curves indicate 
IC-VCE limits of 
the transistor 
that must be observed for reliable operation 


i.e., 
the 
transistor 
must 
not 
be subjected 
to 
greater 
dissipa· 
tion than the curves indicate. 
The data 
of figure 
2 is based 
on 
TC '" 25°C; 
TJlpkl 
is 


variable 
depending 
on 
power 
leve1. Second 
breakdown 
limitations 
do not derate the same as thermal 
limitations. 


At 
high case temperatures. 
thermal 
limitations 
will 
reduce 
the 
power 
that 
can handled 
to values less than the limitations 
imposed by second breakdown. (SeeAN415Al 
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fast 
switching 
speeds and high current 
capacity 
ideally 
suit 
these parts for use in switching regulators, inverters, wideband 
amplifiers' and power oscillators 
in industrial 
and commercial 
appl ications. 


Rating 
Symbol 
Value 
Unit 


Collector·Emitter 
Voltage 
VCEO(sus) 
75 
Vdc 


Collector-Base 
Voltage 
VCBO 
120 
Vdc 


Emitter~Base Voltage 
VEBO 
7 
Vdc 


Collector-Emitter 
Voltage 
(VBE = -1.5 
VI 
VCEX 
120 
Vdc 


Collector-Current 
- 
continuous 
IC 
20 
Adc 
- 
peak"(pw';;; 
10 msl 
ICM 
30 
Apk 


Base-Current continuous 
IB 
5 
Adc 


Total 
Power 
Dissipation@TC=2SoC 
PD 
140 
Watts 


Operating 
and Storage 
Junction 
TJ.Tstg 
°c 
Temperature 
Range 
-65 
to 200 


Characteristic 


Thermal 
Resistance, 
Junction 
to Case 


""- 
""-- 


"-- 


"-.. 
, 


'-.. 


" 
........• 


"-- 


""- 


2N5039 


NPN SILICON 
POWER 
METAL 
TRANSISTOR 


L t=:::I=i 
r~K 


ESEATlN(~ 
j 


PLANE 


STYLE 
1" 


PIN 
1. BASE 
2. EMITTER 
CASE·CO 
lLECTO 
R 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


B 
22.23 
0.875 


C 
635 
11.43 
0250 
0.450 


D 
0.91 
1.0!] 
0038 
0.043 


E 
3.43 
0.135 


F 
1990 
30.40 
1.177 
1.191 


G 
10,67 
11.18 
0.420 
0.440 


H 
5.21 
5.72 
0105 
0.225 


J 
16.64 
17.15 
0.655 
0675 


K 
].92 
0.312 


a 
384 
4.09 
0.151 
0.161 


S 
1334 
0.525 


T 
4.18 
0.188 


Collector-Emitter 
Sustaining Voltage 
Vde 
(lC = 
200 mA, IS = 0, L = 
15 mH) 
VCEO(,u,) 
75 
IIC= 
200 mA, VSE =-1,5V,RSE 
= 100n" 
L= 
2 mH) 
'vCEX(,u,) 
120 
IIC= 
200 mA, RSE = 50n, 
L = 15 mH) 
VCER(,u,) 
95 


Collector 
Cutoff 
Current 
at Reverse Bias: 
'CEX 
mAdc 
(VCE = 140 V, VSE = -1.5 
V) 
50 
(VCE = 
100 V, VSE =-1.5 
V, TC = 1500C) 
10 


Collector-Emitter 
Cutoff 
Current 
ICED 
mAdc 
(VCE = 70 V) 
20 


Emitter-Base 
Reverse Voltage 
VESO 
V 
liE = 50 mAl 
7.0 


Emitter-Cutoff 
Current 
IESO 
mAdc 
(VES = 5V) 
15 


Second Breakdown 
Collector 
Current with Base Forward 
Biased 
ISlb 
Adc 
(VCE = 2SV,t=1 
,) 
5 
(VCE = 45V,t=1 
,) 
0.9 


Second Breakdown 
Energy 
ES/b 
mj 
(VSE = 4 V, RSE = 20 n) 
13 
. 


(Ie = 12 A, L = 1801lH) 


DC Current 
Gain 
hFE 
- 
IIC= 
2 Ade, VCE = 5 V) 
50 
250 
IIc = 10Ade, vCE = 5 V) 
20 
100 


Collector-Emitter 
Saturation 
Voltage 
VCE(sat) 
Vde 
(IC = 10Ade, IS = 1 A) 
1.0 


IIc = 20Ade, 
IS = 1 A) 
2.5 


Base-Emitter 
Saturation 
Voltage 
VSE(,at) 
Vde 
(lc = 20 Ade, 'S = 5 A) 
3.3 


Forward 
Current Transfert 
Ratio 
I hFE I 
(VCE= 
10V,IC= 
2A,f= 
5MHz) 
12 


Output 
Capacitance 
pF 
(VCS = 
10 V, F = 1 MHz) 
300 


Rise Time 
ton 
- 
0.5 
II' 


Storage Time 
(VCC = 30 Vde, IC = 10 A, 
t, 
- 
'1.5 
IS1 = 1.0 A, IS2 = 1.0 A) 
Fall Time 
If 
- 
0.5 


2.' 
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;; 
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There are two limitations 
on the power handling ability of a 


transistor: 
average 
junction 
temperature 
and 
second 
break- 


down. 
Safe 
operating 
area 
curves 
indicate 
IC-VCE 
limits 
of 
the transistor 
that 
must 
be observed 
for reliable operation 


i.e., the transistor 
must not be subjected' to greater 
dissipa- 


tion 
than 
the 
curves 
indicate. 


The data 
of figure 
2 is based 
on TC '" 25°C; 
TJ(pkl 
is 
variable 
depending 
on 
power 
level. 
Second 
breakdown 
limitations 
do not derate the same as thermal 
limitations. 


At high case temperatures. 
thermal limitations 
will reduce the 
power 
that 
can handled 
to values less than the limitations 


imposed 
by second 
breakdown. 
(See AN415A) 
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There 
are 
two 
limitations 
on 
the 
powerhandling 
ability 
of 
a transistor: 
average 
junction 
temperature 
and second 
breakdown. 


Safe operating 
area curves 
indicate 
IC-VCE 
limits of the transistor 
that 
must 
be observed 
for 
reliable 
operation; 
i.e., the 
trlnsistci~ 
must 
not be subjected 
to greater 
dissipation 
than the curves indiClte. 


The data 
of Figure 
1 is based 
on T J(pkl 
D 200; 
TC is variable 
depending 
on 
conditions. 
At 
high 
case 
temperatures, 
thermal 
limitations 
will reduce 
the 
power 
that 
can 
be handled 
to values 
less 
than 
the 
limitations 
imposed 
by 
second 
breakdown. 
(See 
Figure 8), 


MEDIUM-POWER 
HIGH-VOLTAGE. 


PNP POWER TRANSISTORS 


· .. designed 
for high-speed 
switching 
and linear amplifier 
applications 
for high'voltage 
operational 
amplifiers, 
switching 
regulators, 
convert· 


ers. inverters, 
deflection 
stages and high fidelity 
amplifiers. 


• 
Collector-Emitter 
Sustaining 
Voltage 
- 
VCEO(sus) 
= 225 to 350 Vdc 
@ IC = 200 mAdc 


• 
Second 
Breakdown 
Collector 
Current 
- 
'sib = 875 mAdc 
@ VCE = 40 Vdc 


• 
tf = 0.6j.ts 
Resistive 
Fall Time 


• 
Usable 
DC Current 
Gain to 2.0 Adc 


*MAXIMUM 
RATINGS 


Rating 
Symbol 
2N6211 I 2N6212 
12N6213 
Unit 


Collector-Emitter 
Voltage 
VCEO 
225 
I 
300 
I 
350 
Vdc 


Collector-Base 
Voltage 
VCB 
275 
I 
350 
I 
400 
Vdc 


Emitter-Base 
Voltage 
VEB . 
6 
Vdc 


Collector 
Current 
Continuous 
IC 
2 
. 
Adc 
Peak 
. 
5 
. 


Base Current 
IB . 
1 
. 
Adc 


Total 
Power 
Dissipation 
@ TC = 2SoC 
PD . 
35 
. 
Watts 
Derate 
above 2SoC 
0.2 
. 
W/oC 


Operating 
and Storage 
Junction 
TJ' Tstg 
-65 
to +200 
°c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
I 
Max 
I 
Unit 


Thermal 
Resistance, 
Junction 
to Case 
8JC 
I 
5.0 
I 
°C/W 


Indicates 
JEDEC 
Registered 
Data. 


FIGURE 
1 - 
FORWARD 
BIAS SAFE OPERATING 
AREA 


10 


5.0 
ie 
'" 
2.0 
~ 
~ 
1.0 
~B 
0.5 


~ 
0.2 


~ 
0.1 


80.05 
.:;> 


200., 
100.' 
N-J..lm •.•••.• 


·10 ms " 
de 


10.1 
....• 


- 
Bonding Wire limit 
....• 
....• " 
____ 
Thermal limit 


(SlOglePulse) 


---- 
Second Breakdown limit 


I 
I 
I 
2N6211 
'" 
2N6212 


I 
I 
I 2N6213 


20 
50 
100 
200 
SOO 
1000 


VCE. COLLECTOR·EMITTER VOLTAGE (VOLTSI 


2 AMPERE 
POWER TRANSISTORS 


225-350 
VOLTS 
35 WATTS 


STYLE 1: 


PIN 1. BASE 
2. EMITTER 


CASE' COLLECTOR 
oI 


H 
I 


--u-- 
P 
-B-- 


Lt-- 
I 
f 
E 
SEATING PLANE 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


B 
11.94 
12.10 
0.470 
0.500 
C 
6.35 
8.64 
0.250 
0.340 
0 
0.71 
0.86 
0.028 
0.0 4 


E 
1.27 
1.91 
0.050 
0.075 


F 
24.33 
74.43 
0.958 
0.962 
G 
4.83 
5.33 
0.190 
0.210 
H 
2.41 
2.67 
0.095 
0.105 
J 
14.48 
14.99 
0.570 
0.590 
K 
9.14 
0.360 
, 
1.27 
- 
0.050 
D 
3.61 
3.86 
0.142 
0.152 
S 
- 
8.89 
- 
0.350 
T 
- 
3.68 
- 
0.145 
U 
15.75 
- 
0.620 


All JEOEC Oimensionsand 
.nd 
NotlS 
Apply. 


CASE 
8O.Q2 
TO·66 


I 
OFF CHARACTERISTICS 


·Collector-Emitter 
Sustaining 
Voltage 
(1) 
VCEOlsusl 
Vde 


(lC - 200 mAde, IB • 01 
2N6211 
225 
- 


2N6212 
300 
- 


2N6213 
350 
- 


·Collector-Emitter 
Sustaining Voltage 
VCEX(susl 
Vde 


(lC' 
200 mA, VBE - -1.5 
V, L = 10 mH) 
2N6211 
275 
- 


2N6212 
350 
- 


2N6213 
400 
- 


·Collector-Emitter 
Sustaining Voltage (1) 
VCER(sus) 
Vde 


(lC • 200 mA, IB - 0, RBE - 50 n 
2N6211 
250 
- 


2N6212 
325 
- 


2N6213 
375 
- 


• Emitter-Base 
Breakdown Voltage (1) 
VEBO 
Vde 


liE - 0.5 mAde, IC - 0) 
2N6212/13 
6.0 
- 


liE - 1.0 mAde, IC - 01 
2N6211 
6.0 
- 


·Collector Cutoff Current 
'CEV 
mAde 


(\(CE - 250 Vde, VBElof!) 
- 1.5 Vde, TC = 250CI 
- 
0.5 


ITC = 100°C) 
- 
5.0 


(VCE - 315 Vde, VBE(of!) 
= 1.5 Vde, TC = 250CI 
- 
0.5 


1TC = 1000CI 
- 
5.0 


IVCE - 360 Vde, VBE(offi 
= 1.5 Vde, TC = 25°C I 
- 
0.5 


ITC'100oCI 
- 
5.0 


Collector Cutoff Current 
All Types 
ICEO 
- 
5.0 
mAde 
(VCE - 150 Vde, IB - 01 


-Emitter Cutoff Current 
lEBO 
mAde 
(VEB • 6.0 Vde, IC' 
01 
2N6211 
- 
1.0 
2N6212 
- 
0.5 


2N6213 
- 
0.5 


DC Current 
Gain 
hFE 
- 


IIc 
- 1.0 Ade, VCE • 2.8 Vde) 
2N6211 
10 
100 
IIC· 
1.0 Ade, VCE • 3.2 Vde) 
2N6212 
10 
100 


IIC =1.0 
Ade, VCE = 4.0 Vdcl 
2N6213 
10 
100 


Collector-Emitter 
Saturation 
Voltage 
VCElsatl 
Vde 


IIc - 1.0 Ade, IB = 125 mAdcl 
2N6211 
- 
1.4 


2N6212 
- 
1.6 
2N6213 
- 
2.0 


Base-Emitter 
Saturation 
Voltage 
All 
Types 
VSElsatl 
- 
1.4 
Vde 
IIc - 1.0 Ade, lB' 
125 mAdel 


OYNAMIC 
CHARACTERISTICS 


·Current Gain-Bandwidth 
Product (2) 


IIc • 200 mAde, VCE - 10 Vde, ftest = 5.0 MHz) 


Output Capacitance (VCB'" 
10 Vdc. IE .= O. f '" '.0 MHz) 


·SECONO BREAKOOWN 
. 


·Second Breakdown Collector Current with BaseForward Biased 


t"" 
1.0 s (non-repetitive) 
{VCE '" 40 Vdcl 


·SWITCHING 
CHARACTERISTICS 


1VCC = 200 Vde, IC - 1.0 Ade, 


'Bl 
= IB2 = 0.125 Adcl 


-Indicates 
JEOEC 
Registered 
Data. 


(1) Pulse Test: Pulse Width <: 300 JJS, Duty 
Cycle <: 2.0% 


Input: 
Hewlett-Packard 
Model No. 214A, 
or equivelent 


VSS=+6V 
'ij' 
-=- 
100 IJF 


Output 
to Oscilloscope 
(Tektronix 
Model No. 543A, 


or equivalent) 


Input 
tram 
Pulse Generator 
IPul •• Duration'" 
20 JJ'. 


Rep. Rete - 200 Hz) 


-Adjust 
AS for IS2 and RC for IC 


.181 
and 182 measured WIth Tektronix 
Current 


Probe P6019 and Type 134 Amplifier, 
or equivalent 


TJ - 'IOoC 
VCE -1 ov 


110C 
VCE - 10 V 


I I 
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VBE. BASE EMITTER VOLTAGE IVOl TSI 


FIGURE 
4 - 
COLLECTOR 
SATURATION 
REGION 
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CURRENT (mAl 
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FIGURE 
9 - 
CURRENT -GAIN-BANDWIDTH 
PRODUCT 
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IC. COLLECTOR CURRENT (mAl 
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= 
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designed for 
use in industrial-military 
power 
amplifer 
and 
switching circuit applications. 


• 
High Collector Emitter Sustaining Voltage - 
VCEO(sus) = 100 Vdc (Min) - 
2N6274 


= 120 Vdc (Min) - 
2N6275 


= 140 Vdc (Min) - 
2N6276 


= 150 Vdc (Min) - 
2N6277 


• 
High DC Current Gain- 


hFE = 30-120@ 
IC = 20 Adc 
= 10 (Mini @ IC = 50 Adc 


• 
Low Collector-Emitter 
Saturation Voltage - 


VCE(sat) = 1.0 Vdc (Max) @ IC = 20 Adc 


• 
Fast Switching Times @ IC = 20 Adc 
tr = 0.351J.s(Max) 
ts = O.B IJ.S(Max 
tf = 0.251J.s(Max) 


• 
Complement to 2N6377-79 


Rating 
SYmbol 
2N6274 
2N6275 
2N6276 
2N6277 
Unit 


Collector-Base Voltage 
VrR 
120 
140 
160 
180 
Vde 


Collector-EmItter 
Voltage 
Vr"n 
100 
120 
140 
150 
Vdc 


Emitter-Base 
Voltage 
V"R 
6.0 
Vdc 


Collector 
Current 
- 
Continuous 
Ie 
50 
Adc 


Peak 
100 


Base Current 
'8 
20 
Adc 


Total 
Device 
Dissipation 
@TC::: 
25°C 
Po 
250 
Watts 


Derate 
above 
25°C 
1.43 
w/oe 


Operating and Storage Junction 
TJ.Tstg 
--- 
-65 to +200--- 
°e 


Temperature 
Range 


I"-... 


r-... 
"" ""- 
.....•. 
"'-" " 


~ 
200 
~..!: 150 
~ 
iJj 
~ 
100 
~~ 
~ 
50 


50 AMPERE 
POWER TRANSISTORS 
NPN SILICON 


100,120,140, 
150 VOLTS 
250 WATTS 


r-AB-=-l 
c 


LbF+1.r~ 


~. 
K 


SEATING 
/ 
0 
1 


'lANE 
- 


STYLE 1: 


PIN 1. 8ASE 
2. EMITTER 
CASE. COLLECTOR 


MIlliMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
38.35 
39.31 
1.510 
1.550 


8 
19.30 
21.08 
0.160 
0.830 
C 
6.35 
1.62 
0.250 
0.300 


0 
1.45 
1.60 
0.051 
0.063 


E 
- 
3.43 
- 
0.135 


f 
29.90 
30.40 
1.111 
1.191 


G 
10.61 
11.18 
0.420 
0.440 


H 
5.21 
5.12 
0.205 
0.225 


J 
16.64 
11.15 
-0.655 
0 
K 
11.18 
12.19 
0.440 
0.480 
Q 
3.84 
4.09 
0.151 
0.161 


R 
24.89 
26_61 
0.980 
1.050 


-ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C unless otherwISe notedl 


o,.rKteristic: 
I 
Symbol 


Collector-Emitter 
Sustaining 
Voltage 
(11 
VCEOlsusl 
Vde 


(lC = 50 mAde, IB = 01 
2N6274 
100 
- 
2N6275 
120 
- 
2N6276 
140 
- 
2N6277 
150 
- 


Collector Cutoff Current 
'CEO 
"Ade 
IVCE = 50 Vde, IB = 01 
2N6274 
- 
50 


IVCE = 60 Vde, IB = 01 
2N6275 
- 
50 


IVCE = 70 Vde, IB = 0) 
2N6276 
- 
50 


IVCE = 75 Vde, IB = 0) 
2N6277 
- 
50 


Collector 
Cutoff 
Current 
ICEX 
IVCE = Rated VCB, VEBloffi 
= 1.5 Vdel 
- 
10 
~Adc 


IVCE = Rated VCB, VEBloffl 
= 1.5 Vde, TC = 1500CI 
- 
1.0 
mAde 


Emitter 
Cutoff 
Current 
lEBO 
100 
j..IAdc 


IVBE 
= 6.0 Vdc, IC = 01 


DC Current 
Gain 
hFE 
- 
IIC = 1.0 Adc, VCE = 4.0 Vdcl 
50 
- 


(lc 
= 20 Adc, VCE = 4.0 Vdcl 
30 
120 


(lC = 50 Adc, VCE = 4.0 Vdcl 
10 
- 


Collector-Emitter 
Saturation 
Voltage 
VCElsatl 
Vdc 


(lC = 20 Adc, I B = 2.0 Adcl 
- 
1.0 


tIc'" 50 Adc, IB;; 10 Add 
- 
3,0 


Base-Emitter 
Saturation 
Voltage 
VBElsatl 
Vdc 
(lC = 20 Adc, IB = 2.0 Adcl 
- 
1.8 


IIC = 50 Adc, IB = 10 Adcl 
- 
3.5 


Base-Emitter 
On Voltage 
VBElonl 
- 
1.8 
Vdc 


(lC = 20 Adc, VCE = 4.0 Vdcl 


Current-Gain-Bandwidth 
Product 
(2) 
IT 
30 
- 
MHz 


(Ie"" 
1 0 Adc. 
VCE 
= 10 Vdc. 
ttest 
- 10 MHz) 


Output 
CapaclTdnce 
Cob 
- 
600 
pF 


IVCB = 10 Vdc, IE = 0, f 
= 0.1 MHli 


Rise 
Time 
I, 
- 
0,35 
"s 


IVCC = 80 Vdc, IC = 20 Adc, 181 = 2.0 Adc, VBEloffl 
= 5.0 Vdcl 


Storage 
Time 
ts 
- 
0.80 
US 


IVCC = 80 Vdc, IC = 20 Adc, IBI 
= IB2 = 2 0 Adcl 


Fall Time 
tf 
- 
0.25 
US 
IVCC 
= 80 Vdc, IC = 20 Adc, IBI 
= IB2 = 2.0 Adcl 


• Indicates 
JEDEC 
Registered 
Data. 


(1) 
Pulse Test: 
Pulse Width 
~ 
300 
/.l5, Duty 
Cvcle 
~2.0%. 


(2) 
fT 
"" Ihfe i. ftest- 


JOl's-H 


+2:~n- -- 
- 


-18,5 V 


Ir. tf" 
10 ns 


Duty Cycle = 0.5% 
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Ie. COLLECTOR 
CURRENT 
IAMPI 


There 
are two 
limitations 
on the power handling 
ability 
of a 
transistor: 
average junction 
temperature 
and second breakdown . 


Safe operating 
area curves Indicate 
IC-VCE 
limits of the transistor 
that 
must be observed for reliable operation; 
i.e., the transistor 
must not be subjected 
to greater dissipation 
than the curves 
indicate. 


The data of Figure 5 is based on T J(pkl 
:::-200°C; 
T C is variable 
depending 
on conditions. 
Second breakdown 
pulse limits are valid 


for du'y 
cycles 
'010% 
provided 
TJlpkl 
.;; 200°C. 
TJ(pkl 
may be 
calculated from the data in FIgure 4. 
At high case temperatures, 


thermal 
limitations 
wIll reduce the power that can be handled to 
values less than 
the 
limitations 
imposed by second breakdown. 
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J. 
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'I 
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I 
7" 
, 
./ 
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T 
T T 
.-' 
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~ 
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+4.0 
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HIGH VOLTAGE 
NPN SILICON 
POWER 
TRANSISTORS 


. designed for high voltage inverters, switching regulators and line- 


operated amplifier 
applications. 
Especially well suited for switching 
power supply applications in associated consumer products. 


• 
High Collector-Base Volta!ll' - 


VCB = 500 Vdc - 
2N6306 


= 600 Vdc - 
2N6307 
= 700 Vdc - 
2N6308 


• 
Excellent DC Current Gain @ IC = 3.0 Adc 
hFE = 15 - 75 - 
2N6306, 
2N6307 


~ 12 -60 - 
2N6308 


• 
Low Collector-Emitter 
Saturation Voltage @ IC = 3.0 Adc 


VCE(sat) ~ 0.8 Vdc (Max) - 
2N6306 


= 1.0 Vdc (Max) - 
2N6307 


= 1.5 Vdc (Max) - 
2N6308 


• 
Current Gain Bandwidth Product - 


fT = 5.0 MHz (Min) 
@ IC = 0.3 Adc 


Rating 
Symbol 
2N6306 
2N6307 
2N6308 
Unit 


Collector-Base 
Voltage 
VC8 
500 
600 
700 
Vdc 


Collector-Emitter 
Voltage 
VCEO 
250 
300 
350 
Vdc 


Emitter-Base 
Voltage 
VEB 
. 
8.0 
. 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
. 
8.0 
. 
Adc 


Peak 
16 


Base Current 
IB . 
4.0 
. 
Adc 


Total 
Device 
Dissipation 
@ T C = 25°C 
Po 
. 
125- 


Watts 


Derate 
above 
25°C 
0.7t4 
WIDC 


Operating and Storage Junction 
TJ,Tst9 
.....-- 
-65 
to +200 
~ 
DC 


Temperature 
Range 


"'" 
""" 


I"- 
""- 


i'.. 


"'" 
""- 
"'" 


~ 
100 


~ 
za 
1S 
~ 
gjo 
50 
~ 
~ 
~ 
25 


2N6306 
2N6307 
2N63o.S 


8 AMPERE 
POWER TRANSISTORS 


NPN SILICON 


250-30G-350 VOL TS 
125 WATTS 


J~-~-f 
l.~ 


NOTES 


1. DIMENSIONS 
Q AND 
V ARE 
DATUMS 


2. [[] 
IS SEATING 
PLANE 
AND 
DATUM. 


3. 
POSITIONAL 
TOLERANCE 
FOR 
MOUNTING 
HOLED: 


1.11.1l1O 
.••• 'e!,lvel 


FOR lEADS 
I • 11.1l 10005' e , I vel oel 


·ELECTRICAL 
CHARACTERISTICS 
ITC'" 
25°C unless otherwise noted) 


I 
Characteristic 
I 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter 
Sustaining Voltage (1) 
VCEOlsus) 
Vdc 
lIC'" 
100 mAde, lB· 
0) 
2N6306 
250 
- 


2N6307 
300 
- 


2N630B 
350 
- 


Collector Cutoff 
Current 
ICEO 
mAdc 
lVCE'" 
Rated VCEO, IB" 
0) 
- 
0.5 


Collector 
Cutoff 
Current 
ICEX 
mAdc 


lVCE '" 500 Vdc, VEBloff):S 
1.5 Vdc) 
2N6306 
- 
0.5 
lVCE '" 600 Vdc, VEBloffi 
• 1.5 Vdcl 
2N6307 
- 
0.5 


(VCE '" 700 Vdc, VEBloff) 
'" 1.5 Vdcl 
2N6308 
- 
0.5 
lVCE '" 450 Vde, VEBloff) 
a 1.5 Vdc, 
2N6306 
- 
2.5 
TC'" 
150°C) 


(VCE '" 550 Vdc, VEBloffl 
'" 1.5 Vdc. 
2N6307 
- 
2.5 
TC'" 
1500CI 
(VCE '" 650 Vde. VEB(offi 
•• 1.5 Vdc. 
2N6308 
- 
2.5 
TC'" 
1SOoC) 


Emitter 
Cutoff 
Current 
'EBO 
mAde 


{VSE '" 8.0 Vde, Ie '" Ol 
- 
1.0 


hFE 
- 


2N6306, 2N6307 
15 
75 
2N630B 
12 
50 
2N6306, 2N6307 
4.0 
- 


2N630B 
3.0 
- 


VCElsatl 
Vdc 


2N6306 
a 8 
I 


2N6307 
= 
'·0 
2N630B 
- 
1 5 


(lC '" 8.0 Adc, IS = 2.0 Add 
2N6306 
2N6307 
P ~~ 


IIc '" 8.0 Adc, IS a 2.67 Add 
2N630B' 
VBEI".I 
-_--! 
5 


2 


0 


3 


-Vdc 
_ 


Sase-Emitter Saturation 
Voltage (11 
! 
(lc 
= 8.0 Adc, IS c 2.0 Add 
2N6306,2N6307 


_lIc 
= 8 a Adc. IS '" 2 67 Add 
2N6308 
+- 
- 
2~ 


B...-Emot •.,OnVolt, 
•• lll 
----I 
VBElonl 
--.-- 
vO;- 


(lC" 
3 0 Adc. VCE • 50 Vdcl 
2N6306,2N6307 
I 
- 
I 
13 
' 


2N530B 
-------+ 
~ 
- 
I 
1 5 
I 
Soc·-on-d--B--"-'-kd--o-w-n-E-n'-'-'-V-IF-,,-'-"-2-1- 
------- 
--. 
-- 
l---Es/b 
-------tl--~-r 
mJ 
i 


(IClPKI 
= 3.:'_Adc, L ~ 
mH 
RaE = 3 kn, VBS2_:~5Y.?~ 
~ 
: 
'!~_-.l---.J 


DYNAMIC 
CHARACTERISTICS 


Ic~_~ntG'i';-:'B,ndW;dthP<Od'C'-_(2)---.-----+- 
IT 
I 
-_·--- ..-T~M: -I 


~~~ 
'" 0.3 Ad_0~':...]~ 
Vdc, ftes1.:_~:.<:MHz) 
::=C~~-_- _. 
I Output 
Capacitance 
Cob 
I 
pF 


!.-.~VCS'" 
10~~c~:~~_~:~_~~z)_. 
I 
-__. _I 
250 


£;hITCHING 
CHARACTERlSllCS 


~,- 
I S. 


.--- 


I 


~ 
I 


iseTime 
t, 
.' 
~~_ 
'" 125 Vdc, Ie" 
3.0 ~..:.~~ 
0.6 Add 
- 


orage Time '3' 
t, 
.' 
(Vce 
= 125 Vdc, le:s 3.0 Adc, IS1 '" 0.6 Adc, IS2 '" 1.5 Add 


Pulse Width'" 
25 J,lS 
- 
1.5 


Pulse Width· 
5.0ps 
- 
O_B 
-- 


airTime 
'f 
.' 
(Vec'" 
125 Vdc, Ie" 
30 Adc, IS1 '" 0.6 Adc, IS2 '" 1.5 Add 
- 
0_4 


(1j Pulse Test 
PulseWidth"'300/-ls;OutyCycte-2.0" 


(2) 
fT - I hfe I • 
fte1t 


(3) "On" time is 25 /-Is. t, decreases with shOrter pulse width" 
being approximately 
50" of the values ,hown at a 5.0 /-Ispulse width 


'Indicates 
JEOEC Registered Data. 
. 


T. 
r-twa4oms 


IHPUTOi 
~ 
I 


VOLTAGE _L..J 
L..J 


·S.OVI----t--l00ms----j 
I 


I 
1 
tHol,AI 
I 
1 
~~r~ii~;~: 
-:-~---- --r/1'-- 
--7 
1';-------( 
,I}- 


BVCEX-:-- 
1 
1 
..J __ 
1 r_ 


I 
I 


COLLECTOR 
I 
I 


VOLTAGE 
: 
I 


I 
I 
lllV 


VCE(SiI1j- 


1.0 


0.7 
;< 
05 
L 
0.3 
wo 
Zw 
>-~ 
0.2 
>-~ 
z« 
w" 
;;;~ 
0.1 
zo 
«Z 
0.07 
~- 
>-~ 
0.05 
wz 
:::« 
>->- 
u~ 
0.03 
~~ 
~~ 
0.02 


" 
0.01 


0.02 
003 
005 


~"%.~ 
0'.0.5 
~~"02 


0'- 


0.05 


002 


0.01 


SINGLE 
PULSE 


I 


0JeW 
= rill 0Je 
=±= 


0Je:- 
l.4°C/W 
Max~=±- 


o CURVES 
APPl 
Y FDA 
POWEA_ 


PULSE 
TRAIN 
SHOWN 
- 


READ 
TIME 
AT 11 
- 


TJlpk)- 
TC' 
P(pk)SJC(') 
- 
---:n n 
t= 
Pt~J LJ L ~ 
~~-J 
~ 
c- 


DUTY CYCLE, 0 :"q/t2 
r- 


, 
" 


-... 
100",:::1= 


500", 


1.Oms 


dC~5.0ms 


Tp 
200°C 


- 
_ 
BONDING 
WIRE 
LIMITED 


THERMALL 
Y lIMITED@TC' 
25°C 


ISI NG LE PU LSE) 


SECOND 
BREAKDOWN 
LIMITED 


mcurves 
ApplyBelow 
2N6306 
2N6307 
Rated VCEO 
2N6308 


20 


10 


~ 
5.0 


~ 
2.0 


~ 
1.0 


~ 
0.5 


:; 
0.2 
t; 
0.1 
j 
005 
o 
~ 
0.02 


- 
0.01 


0.005 


0.002 
5.0 
7.0 
10 


DUTY 
CYCLE 
1% 


Ir. II" 
10os 


01 - 
IN3879 


CDLLECTDR·BASE 
JUNCTION 


FOR 
DATA 
IN FIGURE 
6, 


RB & RC ARE 
VARIED 
TO OBTAIN 


DESIRED 
TEST 
CONDITIONS. 
01 


OMITTED 
AND 
V2 REDUCED 
TO 


5.0 V FOR 
td and Ir MEASUREMENTS 


There 
are two 
limitations 
on 
the 
power 
handling 
ability 
of a 


transistor; 
average junction 
temperature 
and second breakdown. 


Safe operating 
area curves indicate 
I C·VCE 
limits of the transistor 


that 
must 
be observed 
for 
reliable 
operation; 
Le., 
the 
transistor 
must 
not be subjected 
to greater 
dissipation 
than 
the 
curves 
indicate. 


The data of Figure 
4 is based on T J(pkl 
= 2000C; 
T c is variable 
depending 
on conditions. 
Second 
breakdown 
pulse limits 
are valid 


for 
duty 
cycles to 
10% provided 
T J{pk) ~2000C. 
T J(pk) 
may be 
calculated 
from 
the 
data 
in 
Figure 
3. 
At' high 
case temperatures, 


thermal 
limitations 
will 
reduce 
the 
power 
that 
can be handled 
to 


values 
less than 
the 
limitations 
imposed 
by 
second 
breakdown. 


(See 
AN-415) 


TJ= 25°:'+ 


VCC,125 
V 
le'IBl 
= 5,0 


" 
'C/'B2' 
2.0 


I, 


~ 


r" 
.-"'" 


~ 
'f 


Id@VBElofl) 
5.0 V 


2.0 


1.0 


.3 
0.7 
w 
0.5 
" 
;:: 
0.3 


0.2 


100 


10 


50 
z 
~ 
30 


~~ 
10 


=> 
u 
uc 
~ 
10 


VCE- 5.0 V 


- 
TJ ~ 150°':- 
- 


I 
- 
-~50C 
e- 
\' 
y 
'\. 


-55°C - 
\~ 
_V 


FIGURE 9 - 
"ON" 
VOLTAGES 


1.0 
TJ ~ 15°C 


1.6 
~ 
c2: 
1.1 


w 
'"; 
c 
0.8 
> 
>' 


0.4 


0 
0.1 
0.1 


IC.COLLECTORCURRENTlAMP) 


I==TJ 
150°C 


~l15~C 
I 
./ 
V 
II 


f== 100°C 


I 
f-- 
-15°C 


REVERSE 
FORWARD 
- 
-15°C 
VCE-100 Vdc- 


500 


~ 
100 


~ 


100 


B 
50 
~ 
c 
10 
~ 
10 
8 
5.0 
~ 


V) 
5.0 
':; 
c 
2: 
~ 
4.0 
; 
o 


~ 
3.0 


:::: 


~ 
2.0 
o 
~ 
_ 
1.0 
o 
u 
~ 
> 
0 
0.05 O.oJ 0.1 


\ 
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1\ 
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1\ 50A 
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1\ 
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""- 
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+3.0 
u 
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hFE/5 
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+2.5 
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~ 
+2.0 
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~ 
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w~ 
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-0.5 


~ 
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:5 100 
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III 
f-TJ 
~ 150'C 
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Cob- 


30 


10 
0.5 
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@ MOTOROLA 


designed for use in industrial·military 
power amplifier 
and 
switching circuit applications. 


• 
High Coliector·Emitter 
Sustaining Voltage - 


VCEOlsus) : 100 Vdc IMin) - 2N6338 


: 120 Vdc IMin} - 2N6339 
: 140 Vdc (Min) - 2N6340 
: 150 Vdc IMin) - 2N6341 


• 
High DC Current Gain - 


hFE=3D-120@IC:lDAdc 


: 12 (Min) @ IC: 
25 Adc 


• 
Low Coliector·Emitter 
Saturation Voltage - 


VCE(sat) = 1.0 Vdc (Max) @ IC: 
10 Adc 


• 
Fast Switching Times@ Ie: 
10 Adc 


tr: 
0.3 JiSIMaxl 


ts: 
1.0Jis(Maxl 


tf: 
0.25 JiS(Max) 


• 
Complement to 2N6436-38 


Rating 
Symbol 
2N6338 
2N6339 
2N6340 
2N6341 
Unit 


Collector-Base 
Voltage 
VeB 
120 
140 
160 
180 
Vdc 


Collector·Emlller 
Vollage 
VeEO 
100 
120 
140 
150 
Vdc 


Emllte/-Base 
Volti:lge 
VEB 
60 
Vdc 


Collector 
Current 
COntinuous 
'e 
25 
Adc 


Peak 
50 


Base Current 
'B 
10 
Adc 


Total 
Oevlc~ DISSipatIon 
@TC - 25°C 
PD 
200 
Watts 


Derate 
above 
25°C 
1.14 
w/oe 


OperatIng 
and 
Storage 
Junction 
T J,Tstg 
--- 
-65 
to +200 --- 
°e 
Temperature 
Range 


~ 


--- 


"'" 


'-..... 
.- - 
"r--... 


.......•• 


"'" 


~ 


"" 


~ 
175 


~ 
150 
~ 


~ 
125 
;:: 
'" 
~ 
100 


<5 
'" 
15 
~ 
_ 
50 


2N6338 
thru 


2N6341 


25 AMPERE 


POWER TRANSISTORS 
NPN SILICON 


100, 120, 140, 150 VOLTS 
200 WATTS 


JF"§j=f 
-re~ 
K 


SE~T1N(~ 
I 


PLANE 
S1YLE 
1: 


F 
PIN 1. BASE 


2. EMITIER 


CASE: COLLECTOR 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
- 
39.31 
1.550 


B 
- 
11.08 
- 
0.830 


C 
635 
7.62 
0.250 
0.300 
0 
0.99 
1.09 
0.039 
0.043 


E 
- 
3.43 
- 
0.135 


F 
29,90 
30.4C 
1.177 
1.197 


G 
10.67 
11.18 
0.420 
0.440 


H 
533 
5.59 
0.210 
0.220 


J 
16.64 
17.15 
0655 
0.615 


K 
11.18 
12.19 
0.440 
0.480 


Q 
3.84 
4.09 
0.151 
0.161 


R 
- 
26.61 
- 
1.050 


Collector 
connected 
to case. 


CASE 11·01 
110·3) 


Coliector·Emltter 
SUilammy Voltaqe [11 
VCEOlsus) 
Vdc 


(lC" 
50 mAdc, 'S '" 01 
2N6338 
100 
- 


2N6339 
120 
2N6340 
140 
- 


2N6341 
150 
- 


ColleCtor Cutoff Curren! 
ICEO 
/JAde 


tVCE" 
50 Vdc, IB ~ Ol 
2N6338 
- 
50 


tVCE "' 60 Vdc, IB ~ 01 
2N6339 
- 
50 


(VCE '" 70 Vd.;. IB '" 01 
2N6340 
- 
50 


(VCE '" 7& Vdc, IS" 
01 
2N6341 
50 


Collector CUlOff Current 
ICEX 


(VCE· 
RatedVCEO, VESlotfl 
•• 1.5 Vde) 
- 
10 
jJAde 


lVCE" 
Rated VCEo, VEBlott)'" 
1.5 Voc, TC '" 1500Cl 
- 
1.0 
mAde, 


Collector Cutoff Current 
ICBo 
10 
jJAde 
(Vca'" 
Rated Vca, 
IE ••.01 


Emitter Cut0ft Current 
1£:: SO 
- 
100 
vAde 


lVSE - 60 Vde. IC "01 


DC Current G•.•,n 
l1FE 
- 


IIC" 
0;5 Adc, VCE • 2.0 Vdel 
50 
- 


(IC •• 10Adc, VCE" 
20Vele) 
3iJ 
120 
(lC'" 
25 Adc, VCE •• 2.<...••dd 
12 


CollectOr·Em"ter S-"tufiJl,on V01td9<.' 
VCElsat) 
Vd' 


lIC =- 10 Adc, IB" 
1.0 Add 
- 
1 0 


(lC" 
25 Adc. IS" 
2.5 Add 
1.8 


Base·Em;!!er 5<1",;,,,(lonVo:,age 
VBEiSdl) 
Vde 


(IC" 
10 Ade, lEi '" 1.0 Add 
1 8 


(lC'" 
25 Ade, Ie =- 2.5 Adel 
25 


BaseEm'tter On VOltdQl: 
VBElonl 
18 
Vd' 
(lC" 
10 Ade, VCE '" 2.0 Vdel 


DYNAMIC 
CHARACTERISTICS 


Current·Gi:llfl -Sandwldth 
Produc: l2l 


lie" 
10 Ade, VCE. 
10 Vele,fie"! 
0 10 MHl! 


R,se T,me 
I. 
0.3 
"' 
(VCC =::: 80 Vde, Ie" 
1QAdc, IS1 .••1.0 Ade, VBEloffl" 
6.0 Vdel 


Stordge l,m(· 
I, 
10 
., 


(VCC =::: 80 Vdc, IC" 
10 Ade, IS1 '" 'S2" 
1.0 A.jc} 


Fall T,me 
II 
025 
.' 
(VCC::::::80 Vdc, IC" 
10 Ade, 'S1 •• 'S2 '" 1.0 Adel 


Indl<;a.es 
JE DEe 
A'!'Qlste •••d DaTa 


11) Pulse Tel!' 
Pulse Width 
<: 300 jJS,Duty 
Cycle 
"2 
O~ 


(2) 
'T 
~ ~le!. 
'tes, 


1000 


700 


500 


300 


200 


0 
w 
100 
" 
i= 
70 


50 


30 


20 


Vee 
- SO V == 
lells 
- 10_::::: 
•.....f;:::ld@VBE 
offl- 
6.0 V 
TJ~250e 
~ 
"'- 
p- 
/ 
...•.. 
....•..• 


I, 
......... 
V 


- 


10JJS-H 
+~l_~D_ 


-90V=r--[ 


tr.1f" 
10 ns 


QUly Cycle 
= 1.0% 


=0·0.5 


== 


I 


0.2 
- 


- 
0\ 
....- 
PHLJl 
~ 
••.. 


=0.05 


=·002 


Lt~t2-_I· 
f-- 
UJCIII • <It) tiJC = 
--- :...k'" 
._- 
f- OJC • 0 8750CIW 
M" 


0.01 
OUTY CYCLE. 0 
11/t2 
o CURVES 
APPL Y fOR 
POWER 


I-- 
SINGLE 
PULSE 
PULSE TRAIN 
SHOWN 


I 
I 
: I 
I 
READ TIME AT 11 


I I 
I 
I I1II1I 
II 
I 
I I TJipk)- 
TC· 
Plpk! 
0JClt) 
I 


1.0 
< 
0.7 
~ _ 
0.5 
wO 
"w 
I-- NO.3 
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:::; 


~ ~ 
0.2 
;;;~ 
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~:: 
0.1 
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0.03 
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uw~ 
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BONOING WIRE lIMITED:t 
.-;. 
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---- 
THERMALLYLIMITEO@TC 
250C"j::, 


. ~ 
._- -~(SINGlEPULSEl~::.~~-t.:..~ 


:= 0.05 
SECDNO BREAKDOWN 
LIMITED 
2N633S· 
--'-7_-:; CURVES 
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BHOW 
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-. 
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iRATEO 
VCEO 
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2.0 
50 
70 
10 
20 
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50 
70 
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- 
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There 
are two 
lImitations 
on the power handling 
ability 
of a 
transistor 
average JunctIOn 
temperature 
and second breakdown . 


Safe 
operatIng 
area curves 
IndIcate 
leVeE 
limits of the tranSistor 
that 
must be observed for reliable operatIon, 
I.e .• the tranSistor 
must not be subjected to greater diSSIpation than the curves indicate 
The data of Figure 5 ISbased on T J(pk) 
= 200°C. 
T C ISvarIable 


depending on conditions 
Se-:ond breakdown 
pulse IHfllts are valid 


for duty cycles to 10% prOVIded T J(pkl ~ 
200°C 
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